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PREFACE. 

In presenting a Constructive Method in Histology the writer is con- 
scious of a somewhat radical departure from the usual plan followed by 
books upon the subject. It seems, therefore, desirable to explain in 
some detail the principal reasons for diverging from the methods ordi- 
narily adopted by most authors. Experience in teaching leads one to 
the conviction that those beginning the study of histology find more or 
less difficulty in forming a clear conception of the subject and are quite 
likely to fall into the habit of committing to memory descriptions of 
structures which they either have not seen or can not see without some 
experience in gross anatomy and in the use of the microscope. 

In some cases they have no knowledge which enables them to assim- 
ilate the new and complex ideas to which they are abruptly introduced. 
Under these circumstances, to present a series of isolated facts which 
have little or no apparent connection with the facts of allied subjects, 
is to violate a fundamental principle of the mind^s development. It has 
long been recognized by educators that such facts are mere symbols pos- 
sessing no impulsive power, and hence producing no lasting results. 
The mind finds satisfaction in the organization of its ideas. There is 
a certain iatellectual pleasure and profit in following the orderly and 
progressive development of a subject which takes as its point of de- 
parture some fact or group of facts which fall within the experience 
of all. 

Histology is one of the fundamental branches of medicine and is use- 
less to the majority of medical students unless it has some definite bear- 
ing upon medicine. As a rule, it is not easily committed to memory 
because its facts are not easily understood. In those cases which are 
successful on account of persistent application, the knowledge acquired 
exhibits a vague and devitalizing character which confuses the student 
and leads him into error or indifference. The subject is usually taught 
during the freshman year at a time when the anatomist is teaching 
osteology and myology : consequently, wll^ lb? Jiistologis^ tflk^s up the 
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tissnes and refers to their part in the construction of the various viscera, 
the student may not even know what or where those viscera are and 
receives no direct information from his anatomical course. It is ahnost 
useless, for example, for a teacher to describe transitional epithelium as 
it occurs in the pelvis of the kidney, ureters and bladder if the student 
does not know the locations or purposes of these organs. He may take 
the trouble to enlighten himself on this point, or may, instead, commit 
facts to memory only to forget them more easily than he conmaitted them. 
It can not be expected that he knows really anything about the viscera 
if he has never seen them or heard them described. On account of this 
fact, a few plates of gross anatomy are introduced to enable the student 
to form some conception of the locations and relative positions of the 
more important viscera, the structures of which he is expected to know, 
perhaps, before dissection or even simple observation affords him that 
information. The most important reason, therefore, for this departure 
from the customary course in histology, is to employ the constructive 
faculties of the mind as they are based upon observation instead of its 
purely memorizing capacities. If we believe that the mind is funda- 
mentally an activity rather than an organ for receiving and recording 
impressions, we shall readily agree that its constructive powers are of 
primary importance where a mechanism is concerned. It is only when 
the mind is employing its native capabilities in the solution of problems 
which it has formulated for itself, and in the elaboration of which all its 
energies are voluntarily enlisted, that knowledge of permanent value can 
be attained. Such intellectual labor is far removed from that of merely 
receptive or memorizing processes, and experience shows that knowledge 
thus acquired becomes an integral part of the mind's capital. This work 
is intended to provide, in concrete form, for the constructive activity of 
the normal mind. It consists of two parts, viz : a descriptive text setting 
forth the constructive method based upon tube formations, and a case 
containing building models and the outlines according to which the 
organs are constructed. The tube is taken as a fundamental, structural 
and functional unit of visceral formation. It has motor and non-motor 
characteristics which are believed to be extremely important as guides 
in the formative plan of visceral structures. The value of some sort of 
manual work in connection with mental activity is conceded by most 
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educators. By meajis of the accompanying models students may lear^ 
to construct any tube of the animal body and thus may find, not only a 
medium for motor expressions, but also a method of clarifying and 
classifying facts already partially grasped. Moreover the constructive 
process tends to produce concrete results which are capable of practical 
application. The problem of what to learn and what not to learn con- 
fronts the student in every branch of study. Not possessing a judgment 
trained in the distinction of values, he must select from all available 
sources what his previous experience leads him to believe is important 
and omit the remainder. Errors in judgment are frequently made and 
to this source may be traced much of that vague knowledge which is 
devoid of all dynamic power. In the construction of any complex 
mechanism the builder usually follows some design more or less com- 
pletely developed and the finished structure is a visible interpretation of 
that design. As a result the builder is not burdened with materials 
which he does not use and the structure is not rendered worthless by rea- 
son of the extraneous matter which has been added to it without refer- 
ence to a rational design. The constructive method is believed, there- 
fore, to be the most satisfactory method of approaching the subject of 
histology. The animal body is a mechanism and most of the organs of 
Ibis mechanism are tubes which are composed of various tissues. These 
tissues are arranged according to a particular design which best serves 
the requirements of the tube. If we have the tissues and know the design 
we can construct any organ of the body. This is the object of the accom- 
panying models. They ail have the same curve and are intended to 
represent cross-sections of tubular structures. The circles employed in 
their formation have the same diameters. The same curve is employed 
for both the large and small tubes in order that the number of models 
may not be in excess of convenience as building materials. Upon them 
are printed, somewhat diagrammatlcally, the different tissues and their 
varieties— epithelial structures in pink, muscular in red and connective 
tissues in white. The nuclei in all cases are blue. These colors are 
intended to represent the hfematoxylin and eosin stains. The word 
outlines which are printed upon the inside leaves of the case form the 
design or plan according to which the organs are built. The numbers 
at the left of the models are for the convenience of the beginner. 
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may be disregarded as soon as the tissues are familiar. The nmnbers 
beneath and at the right of the word outlines are model numbers which 
may also be disregarded as soon as the tissues are known. The details 
should be worked out in the laboratory under the direction of the teacher. 
It is essential that students have a knowledge of tissues and cells before 
the constructive process begins. This method then, departs from the 
customary at that part of the histological course, whidi is concerned with 
the study of organs or viscera. This work is not intended as a complete 
text-book of histology for there are many very excellent books already. 
It is designed as a teaching method based upon simple observation and a 
teacher's experience; and by its use both teacher and student may be 
more closely brought together, being engaged in the actual construction 
of something of common interest. If teacher and student can actually 
build a mechanism by means of materials which are in their possession, 
the completed structure really means much more than a simple mental 
act could possibly accomplish. Furthermore, the simple act of construc- 
tion develops the physiological reasons for histological structures and 
thus correlates the whole. The plates used have been taken from well 
known text-book sources, re-drawn, and adapted to tube structures. 
This method, employed as a means to an end, is thought to constitute a 
useful scheme for the acquisition of a knowledge of a subject somewhat 
difficult in character. It is not supposed that the book, outlines and 
models are free from errors. On the contrary the nature of the subject 
is such that errors are almost inevitable. However a new method of 
teaching and of learning histology is presented, the application of which 

will determine its value. 

J. S. FooTB, M.D. 

Gbeiohton Medical College, 
GicAHA, Nebbabea, 1006. 
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SECTION I 



CELLS AND TISSUES AS BUILDING MATERIALS 



GENEEAL OUTLINE. 

Observation with the naked eye shows one that a living animal eats, 
breathes^ moves^ expels waste matters, reproduces its kind, bleeds when 
cut, smellSy tastes, feels, hears and sees. From this observation it is 
evident that it mnst have certain definite parts which are set aside for 
these purposes. These parts, called systems, are the general divisions 
of the body. They are named according to the various functions which 
they perform, as— digestive, respiratory, muscular, urinary, genital, 
circulatory, sensory, etc. Observation by dissection shows that all of 
these systems are comi)osed of smaller parts. These are called organs. 
They have received their names from anatomical and physiological 
observers of remote dates and do not appear to present any family rela- 
tionship. Naked eye observation terminates here. Investigation, which 
is then possible by means of the microscope, shows that the organs are 
comi)osed of smaller parts. These are called tissues— four in number. 
Further investigation shows that the tissues are com{)osed of smaller 
parts called cells, and intercellular substances. The cells are found to 
be composed of still smaller parts which, at the present time, remain as 
the ultimate structures of the animal body. This method of analysis 
affords us a general view of the constituent parts of the body and also 
of the body as a whole and is presented, in the outline which follows. 
The historical and histological structures of the cell are indicated in 
plate I. which follows the outline. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



OUTLINE 


OF THE GENERAL STEUL?rURES OF THE 


ANIMAL BODY. 




Systrms. 


Organs. 
1. Heart,* 


No. OF 
TiSSUKS. 


Tissues. 




Varieties of Tissues. 










1 Pavement, 




1. dreukUory,* - 


2, Bloodvessels, 
8. CnpiUaries, 
4. Lymphatics, 










Squamous, 
Tessellated, 
Scaly or 
endothelium. 




















1, Mouth, 














2. DiffeUive, 


2, Salivary glands, 
8. Tongue. 

4. (Esophagus, 

5. Stomach, 








1. Simple. 


Glandular, 
Polygonal, 
Polyhednu. 






6. Intestines. 




1. Epithelium. 


• 




Columnar, 






7. lAver, 










CyUndrical, 






8. Panusreas, 










Cubical, 
Ciliat^ 






1. Larynx, 












8. Rupiratory, - 


2. Trachea, 
8. Bronchi, 
4. Lungs. 








2. Stratified. 


Pavement, 
Squamous. 
Tessellated, 
Scaly. 






1. Brain. 














2. Spinal cord. 








8. Transitional. \ Stratified. 




4. Nervous. 


3. Ganglia. 

4. Sympathetic. 

Gentro-spinal 
Nerves. 








1 
1 


1. Skeletal 








j 5. Muscular. 

1 
i 
! 

r 


2. VisoeraL 

3. Heart 

1. Long bones. 

2. Flatbones ^ 








AnimaL 


6. Osseous. 


Four. 










3. Irregular bones. 












1. UUrus, 












% FhUopian tubes. 












3. Ovaries, 








1. Blood. 






4. Labia minora. 








2. White fibrous. 






5. Labia minora. 








8. Yellow elastic. 






6. Clitoris. 








4. Areolar. 






7. Penis, 








6. Mucous or embryonic 




7. OenUal, •< 


.8. Testicle, 

9. Vasa^erenHa, 

10. EMdidymis, 

11. f^<i<^»ren«. 




2. Connective 


•< 


6. Adipose. 

7. Lymphoid, adenoid, retiform, 












reticular 
8. Cartilage. 






12. Fi»i(mto« Mtnin. 








9. Bone. 






13. Prostate gland. 








10. Neuroglia. 






14. Cbt^per'« ^toiMf. 












15. LiUres glands. 












1. Kidneys, 










8. Urinary. 


2. Ureters, 
8. Bladder, 










9. Sensory. J 


Eye, ear, nose and 
appendages. 

1. I^jrmphnode. 

2. Tnymus,thyroid. 
8. Adrenals. 




8. Muscular. 


Striped voluntary, 
H Striped involuntai^, 
Unstriped involuntary. 

1 Neuron. 
< Nerve cells, fibres. 




la Not Classified.' 


4. Spleen. 

5. Fineal gland. 




4. Nervous. 










1 Neuroglia. 






6. Pituitary body. 












7. Coccygeal gland. 







* Words in italics indicate tube systems and organs. 



GENERAL OUTLINE. 



OUTLINE OF THE GENERAL STRUCTURES OF THE ANIMAL BODY. 



Stbdcture 

OF A 

Tissue. 



Structure op a Cell. 



1. Cells. 



Z Base. 



General. 



1. Cytoplasm. 



2. Nucleus. 



Minute. 



1. Cell membrane. 



Description of Minute Structures. 



Product of cell cytoplasm surrounding the cell. Living 
or lifeless. 



2. Sponeioplasm. J ^*^'^*^l*''i alveolar, or granular meshwork— active or 



8. Hyaloplasm. 



J Structureless, labile, ground substance in the meshes- 



seat of metaplasmic deposits. 



4. Attraction sphere. -\ ^^f^fgl^g'. *'*'^' protoplasmic substance 



active in cell 



5. Centrosome. 

6. Plastids. 

7. Vacuoles. 

8. Metaplasm. 



-I 



Single or multiple granules within the attraction sphere. 
Dynamic center of a cell. 

Substances which by growth and division become starch, 
chlorophyll or pigment. 



i Spaces occupied by a liquid. 

•{ Passive granules, either foods or waste products of cells. 



1. Nuclear membrane. •{ Extended chromatin layer surrounding the nucleus. 



2. Chromatin. 

3. Achromatin. 

4. Nucleolus. 



i 



Vital, staining substance, causing cell division and cell 
phenomena. 



•{ Colorless liquid occupying nuclear network. 

[1 bodies which stain like 
which is not understood. 



J Small bodies which stain like cytoplasm, the function 
1 of - - 



5. Chromatin knots. •{ Small aggregations of chromatin. 



6. Linln. 



i 



Reticular base which stains like cytoplasm, supporting 
nuclear structures. 



Structure of Base or Intercellular Substance. 



It occurs between cells as a base and may be either cement, fibres or both. 

There are reasons for supposing that between all cells adjacent to each other there is an organic con- 
tinuity in the form of intercellular bridges. 
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THE CELL. 
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The cell is a chemical and mechanical unit of structure, the phe- 
nomena of which depend upon the peculiar manner in which the terminal 
is constructed. It is composed of the chemical elements, C, H, 0, N, S, 
P, Na, K, Ca, Mg, and Fe, arranged in some definite form, which is 
known as protoplasm. Within protoplasm certaiu chemical changes are 
constantly in progress with the liberation of energy— the direction of the 
energy depending upon the cell mechanism. As the blood, the common 
source of chemical supply, is always constant in its chemical constitu- 
ents and always contains all the elements of protoplasm, certain varia- 
tions in mechanism must occur in different cells in order to account for 
the differences in cell products and activities. Thus cells may secret 
milk, bile, ptyalin or mucus, may excrete urea or water, may shorten aa( 
lengthen— causing motion, may divide and construct new tissue, or may 
liberate accumulated energy at the moment of irritation. They are not 
homogeneous in structure; but are composed of many pai-ts— the func- 
tions of these parts added together forming the function of the cell. 
The cell is a complex structure. It always has two parts— cytoplasm 
and nucleus. The cytoplasm may comprise a limiting or cell membrane, 
spongioplasm, hyaloplasm, plastids, vacuoles, and metaplasm. Thd 
nucleus may contain a nuclear membrane, chromatin, achromatin, niM 
cleolus, chromatin knots and linin. This makes a heterogeneous struc- 
ture exceedingly intricate in character. All of the parts above men- 
tioned are not found in every cell ; but every cell contains many of them. 
No two of them are precisely alike and hence do not have exactly the 
same office : so that if a variation in the possession of the parts is pos- 
sible, a variety of functions must be allowed. A brief consideration of 
these various structures is necessary. 

Cell Membrane.— Cjto-plasm is almost midway between a liquid and 
a solid, perhaps it is just within the limits of a solid. The outer limiting 
membrane is the analogue of the slightly condensed ectosarc of the one 
celled animals. An enclosing membrane of varying density would b© 



or 
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8 A CONSTRUCTIVE METHOD IN HISTOLOGY. 

advantageous to the semi-solid protoplasm or cytoplasm as it is well 
adapted to the purposes of protection, osmosis and retention of the labile 
parts within. It would vary in density according to the movable or fixed 
character of the cell ; so that in a wandering cell the least degree of den- 
sity would be essential while in a fixed or vegetable cell the highest degree 
would be required and between these extremes all degrees would be found 
according to the nature of the cell. 

Spongioplasm and Hyaloplasm.^Tlie division of cytoplasm into two 
parts is the outcome of many observations made upon many cells. Dur- 
ing the early period of microscopical experience cytoplasm was generally 
considered as a homogeneous structure and within it was located the 
nucleus. Improved microscopes and technique however enabled differ- 
ent observers to distinguish two parts which have received many names 
—among them spongioplasm and hyaloplasm. By spongioplasm, is 
understood a reticular structure which stains with some aniline dyes and 
by hyaloplasm the labile, unstainable contents of the meshes of the 
8i)ongioplasm. The structure of cytoplasm has been subject to several 
modifications according to different observers and to the character of 
the cell examined. Flemming described it as comi)osed of a delicate net- 
work of fibrils enclosing the structureless hyaloplasm. The net-work 
was the spongioplasm. Altmann described it as made up of small gran- 
ules capable of nutrition, growth and division. This theory made cyto- 
plasm a cooperative community of individual parts, the combined func- 
tions of which established the function of the cell. Biitschli described 
it as alveolar in character, which condition was due to the presence of 
minute globules. He made emulsions of olive oil and found that the 
structure and appearance of the emulsion resembled the structure and 
appearance of cytoplasm so closely that in most instances it was difficult 
to distinguish between them. Later observation has resulted in the con- 
clusion that cytoplasm may be homogeneous, granular, fibrillar or 
alveolar according to the age of the cell and these different structures 
may be associated with graded processes of cell activity. Within the 
cytoplasm are found other bodies which are sufficiently permanent to be 
regarded as essential to the cell. Something of the importance of these 
bodies may be understood from the following descriptions of them. 
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Attraction Sphere and Centro some.— The attraction sphere is a 
spherical body usually situated in the cytoplasm, sometimes in the 
nucleus, consisting of a circumferential and central i)ortion. If the 
sphere is cut by a plane passing through its center, the intersection of the 
plane and surface of the sphere is marked by a circle of minute bodies 
called microsomes from which astral rays extend. The central part has 
either a finely reticular structure and varies in dimensions according to 
the dividing activity of the cell or a radial structure proceeding from the 
central granules. The reticular structure may give place to the radial 
as the process of cell division with which the body is associated advances. 
In some cases the attraction sphere entirely disappears during cell divi- 
sion and hence it cannot be considered as an indispensable body. 

Cenfrosome.— Within the attraction sphere is the centrosome which 
is composed of one, two or more granules. This body has the power to 
express its individual capacity by the properties of nutrition, growth, 
and reproduction and accordingly behaves in these respects as a perma- 
nent and essential part of the cell. When active it initiates the process 
of cell division and hence has been called the dynamic center of the cell. 
In this capacity it has been thought by some to be the vehicle which con- 
veys a chemical substance which excites to activity the preliminary 
changes which start the process of cell division. But it is not always 
present and hence cannot be considered as the controlling cause of such 
an important act in cell life. 

Plewfwis.— These small bodies appear in the cytoplasm and exhibit 
the properties of nutrition, growth and division like permanent 
structures. In embryonic cells they are small and colorless ; but acquire 
new capacities as they develop in the growing cell. Some of them estab- 
lish the process of chlorophyll formation and are called chloroplastids : 
others the process of starch formation and are called amyloplastids and 
still others, the process of pigment formation and are called chromo- 
plastids. They seem to preside over the formation of coloring matters 
or pigments which have a fundamental importance in the vegetable king- 
dom. 

Fact^?e5.— These are spaces filled with a liquid and are most com- 
mon in vegetable cells and in the protozoa. During the chemical 
changes taking place in metabolism small quantities of liquid may be 
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produced which collect in spaces, thereby enlarging and forming small 
cavities or vacuoles. In some of the protozoa the vacuoles are contrac- 
tile as though they had some part in the circulation of the nutritive 
liquids of the cell. In the higher animals the cells do not contain vacu- 
oles except in pathological conditions. 

3fefapia^m.— During cell metabolism small bodies, granular in char- 
acter and passive in behavior, appear in the meshes of the cytoplasm. 
These bodies are included in the term metaplasm: it is not known 
whether they are foods in reserve or waste matter. Cytoplasm then is 
a body having a fundamental structure which contains several other 
bodies dependent or independent, active or passive in character. Its 
wide departure from a homogeneous formation gives it a great range in 
function. It seems to be a cooperative society of individuals each one 
of which is engaged in the performance of a part for the better condition 
of the whole. 

Nucleus.^ThQ nucleus is a round or elongated body enclosed by the 
cytoplasm and presenting for consideration various structures. It 
makes a mass of protoplasm a cell. It takes charge of anabolism or the 
constructive side of metabolism. It makes continuation of the living 
cell possible. Cytoplasm is capable of katabolism only and is able to 
continue itself until its chemical elements are exhausted, when it ceases 
to belong to living matter. The nucleus is usually single, but in a cer- 
tain few cells it is double. Increasing the number is very likely to 
change the function. 

Nuclear Membrane.— Tins structure is a thin, delicate membrane 
surrounding the nucleus. It may or may not take a stain and for this 
reason it is thought that its derivation may vary— sometimes arising 
from the cytoplasm and sometimes from the chromatin. In the latter 
case it would be a true nuclear structure ; while in the former it would 
not. Usually it disappears during the first stage of cell division by 
absorption of the chromatin and hence it may be considered in most 
cases as a part of it. It is always present in a resting cell and is evi- 
dently an mdication of that condition. It forms the boundary between 
the formative and formed parts of the cell. 

Chromatin.^Tiiis is the most important structure of the nucleus, 
)ince upon it depends cell division and continuation. Chemically it is 



"romposed of nncleinic acid and a proteid. Structurally it is composed of 
threads or granules. In a living condition it is not affected by ferments. 
It is called chromatin because it takes a stain and its staining capacity 
increases according to its activity. By its increasing amount under 
stimulation, its transverse and longitudinal cleavages, its behavior 
toward the centrosome and spindle, it becomes so arranged that its ulti- 
mate distribution into two equal parts is known as indirect cell division 
or karyokinesis. Its relation to the cell is such that by virtue of its 
chemistry it causes the element N to maintain its carbon association and 
thereby its potential position. According to some eytologists it has been 
transferred from parent to offspring, from generation to generation, 
through all the ages of living existences and hence has been the medium 
through which the characteristics of protoplasm are maintained. 

Achromatvn. — This is a colorless liquid without staining capacity, 
which occupies the spaces of the nuclear network. Little is known about 
it more than that it does not take a stain. It may be a nutritive liquid, a 
waste liquid or a supporting medium which, by its liquid condition, 
allows freedom of motion on the part of the chromatin during its 
activity. 

Nucleolus. — A small, round or irregular body suspended in the 
nuclear network. There may be one or many or none in a nucleus. It 
does not seem to be necessary to the existence or continuation of any 
living part. Two varieties are described— one which stains like cyto- 
plasm and the other like chromatin. The former is the true nucleolus 
while the latter are collections of chromatin. The real nature of the true 
nucleolus is unknown. Some regard it as a reserve fund of material 
which comes into use during nuclear activity. Others consider it as 
product of chromatin activity. 

^e^ Knots [Chromatin £"ko(s).— These are small aggregations 
chromatin produced by crossed chromatin threads ; they have, therefoi 
the same function as chromatin. 

Linin. — This is the fine reticular network which constitutes the sup- 
porting framework of the nucleus. It appears to resemble the mesh- 
work of C3i;oplasm more than any other structure. It is somewhat 
granular in character and shows granules of different staining capacity, 
^^diffwence in staining capacity indicates a chemical ^fference between 
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bodies and this is often the only obtainable distinction between proto- 
plasmic structures. The nucleus, therefore, is a collection of different 
materials enclosed by a membrane. The chief one of these is chromatin. 
As a body it presides over cell phenomena. The nuclear parts, plus the 
cytoplasmic parts, all acting in harmony constitute the cell which may 
be regarded as a conmiunity, the affairs of which are governed by small 
boards of administration. 

Cell Division ob Eepeoduotion. 

All living cells, vegetable and animal, divide into two or more parts. 
This act is essential to their continuation ; for if division did not occur at 
some time they would grow old and die. This remarkable behavior does 
not admit of explanation by itself. To say that cells divide from choice 
—inasmuch as the division is apparently a destructive process— is to 
grant an intelligence beyond that of the highest degree of the human 
mind. With all his courage and reasoning capabilities man, for example, 
would never dare to divide into two parts, if such an act were possible ; 
for such a division would mean certain death to him. Such a tremendons 
process or act could only be the natural result of forces persistently at 
work in order to better the condition of the creature and not within the 
power of the individual. If cells remained the same in chemical mass 
they would remain the same in the exhibition of their phenomena and 
progress would become impossible; btt they do not. Metabolism, by 
virtue of which chemical elements are constantly leaving cells and new 
chemical elements of the same kind but from a different source are con- 
stantly being added, produces an almost infinite series of variations and 
renders advance not only possible but actual. A cell cannot be precisely 
the same during any two successive periods of time, however short those 
periods may be, and if the chemical income exceeds the chemical outgo 
for any stated unit of time it will increase in mass and size. This is 
growth or the process by which a molecule of living matter adds to itself 
atomic groups of the same kind from the chemical substances of its envi- 
ronment and arranges them in forms like its own. As cells increase in 
size the relation of mass to surface will be changed and this upset in the 
ratio between mass and surface may cause division. As spherical bodies 
increase ij^ ^i^^ j^he cube of the mass is proportionate to the square of the 
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surface; so that the volume increases much more rapidly than the sur- 
face. As chemical elements necessarily enter through the surface there 
comes a time when the central part receives less than the exterior and 
death follows : but just at this time division occurs, two smaller cells are 
produced and the ratio is restored to the normal. Cell division, then, is 
the certain result of growth and therefore a primitive and universal 
attribute of living matter. Cell division also limits the size of the cell 
and establishes the metazoa. The immediate cause of cell division is 
beyond detection. Chemical combinations and separations are invisible 
although an observer may be satisfied that they have occurred as he sees 
certain unmistakable results. The nuclei of cells show plainly that 
changes have taken place in the chromatin and cytoplasm during divi- 
sion and these changes present different phases of a continuous process 
which may be considered as a progressive molecular construction. 

The cause of cell division must be attributed to the chemical ele- 
ments added to the chromatin and these elements, apparently at least, 
do not always appear to have the same power. The particular form in 
which the added elements have existed seems to make some difference in 
the energy capacity of cell protoplasm. Of the two types of dividing 
cells which occur in the body, viz., tissue and germ cells, the germ cells 
exhibit the greatest capacity for energy inasmuch as they possess the 
original fund of force which is transmitted to all other cells by some 
fixed law of distribution. As tissue cells undergo metabolism the new 
chemical elements are derived from the chemical substances of their 
environment as— the proteids, carbohydrates, fats, salts and water; but 
somewhere in the anabolic side of the process a sHght loss is sustained 
either on account of chemical changes in the protoplasmic mechanism or 
of variation in combining powers, and age or diminution of energy fol- 
lows. The tendency on the part of tissue cells is toward a lowered 
capacity until death and decomposition take place and the old elements 
are brought into new, living forms again by the agency of sunUght. 
During the ascent of elements from the qshes of metabolism through 
vegetation to animal protoplasm and the rise of N from an ammonia 
group to a carbon group an increased energy capacity is obtained, so 
that death and decomposition are preparatory stages of a rejuvenated 
condition— the sun acting as the lifting power. But when the elements of 
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the chromatiii of a sperm cell are added to the similar elements of the 
chromatin of a germ cell the death, decomposition and solar agencies 
seem to be abridged and a r^uvenating resnlt is accomplished in a short 
time through the agency of this nnion which is known as sexoaL Sex, 
then, is the chief difference between senescence and rejuvenescence in 
cell life and is a substitute for the long process involved in the death, 
decomposition and solar agencies employed to rejuvenate protoplasm. 
This may be expressed in outline as follows : 

Age. J ^^i2d"*J 8«°- J New 

If the chromatin of one tissue cell could be added to the chromatin 
of another, doubtless rejuvenescence would follow— but this is impossi- 
ble and hence the long route through death to life. Any chemical body 
undergoing chemical action loses a i)art of its elements and likewise a 
certain amount of energy and neither its elements nor its energy can be 
reinstated without the help of some outside force. The protoplasmic 
molecule is very large and very complex and tends to run down. If one 
supposes that it contains 1,000 atoms and during its chemical actions it 
loses 100 of them the remaining molecule of 900 atoms would still be 
protoplasmic, but could not possess the same amount of energy as the 
original molecule of 1,000 atoms. Its phenomena would, also, be like 
the original but not the same. This is senescence and the fate of all 
living cells unless thwarted by sex. 

Vabieties of Cell Division. 

1. Simple or direct division or amitosis. 

2. Indirect division or mitosis or karyomitosis or karyokinesis. 
The primitive form of division as seen in the protozoa is the simple 

or direct. This may occur as a binary fission, a si)ore formation or a 
budding process. Spore formation and budding are modifications of 
simple binary fission. Simple or binary fission consists of the separa- 
tion of the cell into equal parts— the cleavage occurring in a longitudinal 
or transverse direction. It may occur in the active or cystic condition 
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of the cell. The nucleus is slowly elongated, then becomes dnmbbell in 
shape, then is constricted to a mere thread and finally breaks into parts, 
each one of which becomes the new nnclens of a new cell. Then the divi- 
sion of the surrounding protoplasm follows. This is the common method 
of division in all protozoa except the Sporozoa which divide by spore 
formation. But this is simple division modified rather than a distinct 
method of division. Some unicellular animals enclose themselves in a 
cystic envelope which is a means of defense against surrounding condi- 
tions unfavorable in their nature. In this state the nucleus may divide 
into two, four, eight, sixteen or more parts in the same manner as it does 
when in an active state. By a continuation of the process a vast number 
of parts may be produced each one of which is extremely small in its 
dimensions and is called a spore. Thus, the process involved in spore 
formation does not differ from that of fission but occurs a greater num- 
ber of times within the enclosing capsule. In budding or gemmation a 
piece of the nucleus is pinched off from a certain part of the mother cell 
and becomes the nucleus of a new cell. If a vast number of buds are 
formed in this manner the result resembles that of spore formation. 
This is common among the Suctoria. Therefore it does not matter 
whether or not a cell divides by either of the above methods the process 
is essentially the same. From the fact that these modes of division are 
common among the earliest forms of animal life it may be inferred that 
they are the simplest modes of division, and yet there seems to be no 
adequate explanation of them because no visible changes are apparent 
in the chromatin in accordance with any recognized law. Cleavage does 
not indicate its cause by any visible act whatever and observation fails 
to detect the commencement of activity. 

IiflDiREOT CBiJi Division ob Kabyokinesis ob Kabyomitosis. 

This mode of division occurs in the majority of animal and plant cells 
especially of the higher orders. Much attention has been given to the 
relation of the centrosome to this form of division and the conclusion is 
that in those cases where it continues from cell to cell it may be con- 
sidered as the vehicle of some chemical substance which initiates mitosis 
or chromatin activity. But it is not always present and karyokinesis 
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does not seem to be affected by its absence. The present knowledge of 
this method of division is based upon the pictures produced by the chro- 
matin activity of the nucleus. Since chromatin stains readily it may be 
observed from time to time and although the chemical changes escape 
detection their results may be seen in the arrangements of the chromatin. 
Having once begun, a continuous, progressive series of changes takes 
place in the chromatin until cleavage occurs when the process terminates 
and a reversal of the new chromatin products to a resting condition is 
apparent. If four persons stand on the bank of a flowing stream, each 
one five miles distant from his neighbor, and each one describes the 
scene before him, it is evident, that four different views would be pre- 
sented while the same stream would be moving on through them all. So 
with the observers of karyokinesis. Different views are obtained ac- 
cording to the time and place of observation and these views are caUed 
the stages of the process. They are, perhaps, infinite in number, but are 
usually considered and described under four stages, viz., prophases,-* 
metaphases, anaphases and telophases, which may be examined under 
the following outline and in plate 11. 

Cell Division. 

1. Simple Direct Division or Amitosis.—A primitive form of division 
common to the Protozoa. Probably binary fission occurs in the greatest 
number. Spore formation occurs in the sporozoa and budding or gem- 
mation in the suctoria. This form of cell division is not well under- 
stood. Apparently the centrosome does not divide and takes no part in 
the process. Chromosomes are not formed by a transverse breakage of 
chromatin loops. The nuclear substance undergoes a division of its 
whole mass without apparent cause. This form of division occurs fre- 
quently in pathological growths and appears to indicate a retrogressive 
act. It is rare, if it occurs at all, in normal, physiological growths. If 
spirogyra be placed in water containing 0.5 % to 1 % of ether it divides 
rapidly by amitosis. If the same individuals be placed again in water 
they divide by mitosis : so that the character of the irritant causing the 
division governs the particular form of division which will follow. 

Varieties: Binary Fission.— The nucleus slowly elongates, becomes 
dumb-bell in shape, then constricted to a thread and finally into two equal 
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parts each one of whicli becomes the new nudens of the new cell. The 
division of the cytoplasm then follows and the division is completed. 

Spore Formation.— The cell is enclosed in a cystic capsule and then 
the nucleus divides into a great number of very small parts each one of 
which is called a spore. These spores, by growth and development^ be- 
come new cells. 

Budding or Gemmation.— K piece of the nucleus is pinched off from 
a certain part of the mother cell and becomes the nucleus of the new cell. 

2. Indirect Division— Karyokinesis, Karyomitosis, Mitosis: 

Progressive Stages: Prophases, Plate 11, figs. A, B, C, D, E, F. 
Metaphases, Plate n, fig. H. Anaphases, Plate n, fig. L Telophases^ 
Plate n, figs. J, K. 

Prophases— Chromatic Changes.— The chromatin of the nucleus 
increases rapidly in staining power, loses its net-like arrangement, al>- 
sorbs its nuclear membrane, resolves itself gradually into a convoluted 
thread or closed skein or spireme which then thickens and shortens to 
form an open skein or spireme or wreath which then divides transversely 
into a definite number of straight or curved rods called chromosomes. 
Each species of plant or animal has a fixed and characteristic number 
of chromosomes and in all forms of sexual reproduction that number is 
even. In sharks the number is 36. In gasteropods 32. In the mouse, 
lily, trout, salamander 24. In some worms 18. In the guinea pig, ox, 
onion, man 16. In the grasshopper 12. (PI. n, figs. B, C, D.) 

Prophases— Achromatic Changes.— The achromatin now becomes 
continuous with the cytoplasm. A fibrous spindle-shaped body appears, 
at either pole of which is a star or aster formed of rays of astral fibers 
radiating from a central point through the surrounding cytoplasm. In 
the center of each aster is the centrosome surrounded by a centrosphere. 
The centrosome divides into two similar halves, an aster forms around, 
each half, a spindle stretches between them and a body called the amphi- 
aster is formed. The chromosomes become attached to the spindle 
which pulls them around its equator. This entire structure is known as 
the mitotic or karyokinetic figure. (PI. II, figs. E, F.) 

Metaphases— Chromatic Cha/nges.— The chromatin net-work, which 
has been converted into a tangled thread and which is continuous in the 
form of a thread or discontinuous in the form of chromosomes, splits 
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thronghoTit its entire length into two exactly equal halves. (PL II, 
fig. H.) This is the most imi)ortant step in the process of cell division. 
Meta^hases— Achromatic Changes.— The spindle exerts some control 
over the arrangement of the chromosomes since they are, with great 
regularity, distributed around its equator and along its meridians by 
virtue of some sort of attraction or mechanical connection. (PL II, 

fig. H.) 

Anaphases— Chromatic Changes.— The chromosomes, in two equal 
groups, separate along the meridians of the spindle and become crowded 
together in two equal masses at the centers of the asters. (PL n, fig. I.) 

Anaphases— Achromatic Cha/nges.—A& these two groups of daughter 
chromosomes diverge they are connected by a bundle of achromatic 
fibers stretching across the interval between them known as Interzonal 
Fibers. These fibers are regarded as a central spindle within an outer 
mantle of spindle fibers to which the chromosomes are attached and 
which become visible as they separate. During this period a series of 
deeply stained thickenings appear in the equatorial plane of the central 
spindle called the cell plate. (PL 11, fig. H.) 

Telophases— Chromatic ChaMges.—^a,ch daughter nucleus receives 
one half of the spindle, one aster with its centrosome and an equal num- 
ber of chromosomes and hence the daughter nuclei are of equal size ; but 
if the division of the cytoplasm which follows is unequal the nuclei also 
gradually become unequal— a fact which shows that the size of a nucleus 
is governed by that of the cytoplasmic mass. (PL 11, fig. J.) 

Telophases— Achrom^ic Changes.— As a rule the spindle fibers dis- 
appear. A portion of them, however, sometimes remains. The aster 
may disappear together with the centrosome or the centrosome may 
I)ersist outside the nucleus and divide into two at a very early period. 
Constriction and division of the cytoplasm follow and the process is 
completed. (PL n, figs. J, K.) 

Retrogressive Cha/nges.—Follomng the longitudinal cleavage of the 
chromosomes and their separation along the meridians of the spindle, a 
reversal of those changes, which led up to the cleavage, follows until the 
daughter nuclei show their chromatin in the resting condition of the cell. 
(PL n, figs. L, M.) 



'"^^^^-^ 




PLATE III. 
FESTtLizATioN AND Tissue Genesis. 



THE CELL. 



21 



TISSUE GENESIS. 



Germ 
Cells. 



1. OYam. 

Plate V, 

Fig. 12. 



Cell Changes. 



2, Sperma- 

tOZOOD. 

Plate V, ' 
Fig. 13. 



Division of 
chromatin. 
Extrusion of 
polarglobules. 
Loss of one 
half of the 
original num- 
ber of chro- 
m osomes. 
Formation of 
female pro- 
nucleus. 



Formative Processes. 



Union of male 
and female 
pronuclet 
Plate in, 

Figs. 1, 2, 8» 4. 



Diyision of 
chromatin. 
Loss of one 
half of the 
original num- 
ber of diro- 
mosomes. 
Formation of 
male pronu- 
cleus. 



Divisions of 

THE 

Blastoderm. 



1. Ectoderm or 

Epiblast 

Plate in, 

Fig. 12. 



Parts of the Body Derived from tj 
Three Divisions. 



Division of the 
new cell and 
formation of 
the blasto-' 
derm. 
PUtem, 
Figs.&-ll. 



2. Mesoblast or 

Mesoderm. 

Plate m. 

Fig. 14/ 



Epidermis and appendages. 

Secreting glands of the skin. 

Epithelium of tiie mouth, salivarj glandi 

nasal tract. 
Enamel of tiie teeth. 
Lens of the eje. Retina. 
Epithelium of the labyrinth of the ear. 
Epithelium of male urethra except proi 

part 
The entire nervous system. 

I Striped voluntary muscles. 
1. Mesothe- J §t/ffi2>?I^l??!;!!? ""!5S!l 



lium. 



2. Mesen- 
chyme. 



8. Hyjpoblast or 

Entoderm. 

Plate III, 

Fig. 18. 



1 Epithelium of serous membn 
Epithelium of senito-urinarj 
tern, except bladder and ure 



Connective tissues. 

Smooth muscle. 

Spleen, Ivmph nodes and ec 

lium of blood, lym^A vesseli 

spaces. 

< Bed and white blood cells. 

Epithelium of the thymus and thyroid. 
Epithelium of Eustachian tube and tvmpa 
Epuhelium of the alimentary canal (mout 

cepted) and all the glands which open in 

Liver and pancreas. 
Epithelium of the respiratory tract and a1 

glands which open into it. 
Epithelium of bladder and prostatic urethr 
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The animal body is a cooperative community of individaal jMirts all 
of which have a community of interests. The investigation which leads 
one from a consideration of the whole to a consideration of the ultimate 
parts reveals the organization by which that conmmnity of interests is 
maintained. The chemical elements of protoplasm, the chemical actions 
of these elements during metabolism, the chemical constitution of the 
waste matters of metabolism make it necessary that the same chemical 
elements be supplied to protoplasm in order that it may continue itself. 
The systems by which these elements are prepared, supplied and re- 
moved are the great systems of the body. The digestive system, be- 
comes a necessity because hydrations and solutions of substances con- 
taining the chemical elements of the body are essential ; the respiratory 
system, because oxygen income and carbon dioxide outgo are essential ; 
the circulatory system, because a circulating liquid with the chemical 
elements in solution is essential ; the urinary system because the elimina- 
tion of waste matters is essential ; the genital system, because the con- 
tinuation of the species is essential ; the motor system, because change 
of location on the part of the animal and distribution of movable con- 
tents are essential ; the systems of special sense, because the selection of 
food, protection of body and welfare of animal are essential ; the central 
nervous system, because a central administration of community affairs 
is essential. All of these systems have been gradually evolved along 
the line of animal progress according to the requirements of animal 
mass. Systems, therefore, are collective assemblies whose united 
activities characterize the animal and express the phenomena of animal 
life. The individual parts which constitute the systems and which are 
responsible for their concerted activities are called organs. 

Tissues.— Th& word ** tissue" has been generally adopted and is 
understood to mean one of the four structural parts of which the body 
is comi)Osed. They are all composed of cells and intercellular sub- 
stances and may be regarded as the building materials of the body and 
its various organs. For the most part there is difference enough be- 
tween them to render their identification possible. Each tissue is found 
to occur in several forms known as varieties. The classification of the 



THB OBLL. 23 

varieties is based upon the form wMch the cells and intercellular sub- 
stances have assumed and generally there are sufficient differences be- 
tween these varieties to enable one to recognize them. The four tissues, 
their varieties, descriptions, locations may be seen in the following out- 
lines and plates. 
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EPITHELIAL TISSUE. 



Glassificatioh. 



L Simple. 



Yaribtiks. 



1. Payemcnt, squamous, 
tcssclateo, scaly, en- 
dothelium. 
Plate IV, Figs. 1, 5. 



Description. 



One single layer of 
united oy cement 



cells 



Location. 



Blood yesscls, serous membranes and 
lymphatics^ air oella, mastoid eeUa, 
capsule of Bowman. Filth vcntrido 
of brain. Posterior surfikoe of an- 
terior capsule of crystalline lena. 



2. Stratified. 



cylindrical. 
Phite IV, Figs. 2, 3. 

3. Ciliated. 

Plate IV, Fig. 4. 



1. Payement, scaly, 
squamcms, tessel-, 

Plate IV, Fig. 6. 



2. Columnar. 

Plate IV, Fig. 7. 



Several layers of cells united 
by cement Deeper cells, 
are columnar and flatten' 
out toward the surfiaoe. 



^ ^vH^rin^^""^""* J ^e single hiyer of ceUs I Alimentory canal columnar fitom car- 

] united oy cement \ diac end of stomach to anna» DuctSb 

I One single layer of cells I ^i^"^ *^^* ^/^^^'^^k"*? '^^ ^""^iP!?" 
\ unitedly cedent \ SJ^ ^f^tU^o^'S^SSL *^ 

Epidermis, mouth, tongue, vocal cords, 
epiglottis, (Bsopnagus. oomea, olfac- 
tory part of the nual muooeay extcp- I 
nal auditory canal, lower half of 1 
cervix uten, vagina, glans penis, 
anus, labia minora. lemale urethra, • 
meatus urinarius of male nzethrak 

^^^'tlsj^^^'i^ri^ I ^r^,sf Su°£2ira}e^^^ 

r6und or polygonal, b^^ ^^ .testicle, pendulous male urethra 

coming columnar when 

requiied. 



1 1 

1 



and upper part of lachrymal duct, 
vas deferens except first part 



& Pseudo-strati- 
fied. 



\ 



4. TransitionaL 



\ 



S. Polygonal, poly- 
hedral, glan-^ 
dular. 



8. CUiated. 

Phite IV, Fig. 8. 



1. Columnar. 

Plate V, Fig. 14. 

2. Ciliated. 

PUte V, Fig. 14. 



1. Polygonal, pear-, 
shaped cells. -( 

Plate IV, Fig. 9. 



1. Cells of various types 
which vary from 
those of a columnar 
type to those of a 
scaly type. 



Same cell arrangement as 
described above in the^ 
columnar type. 



Lower part of lachrymal duct, res- 
piratory part of nasal mucosa, Eo- 
stachian tube, larynx, trachea, 
bronchi, epididymis, first part of vas 
deferens. 






ent planes. 



panum of ear. 



In the number of layers 
midway between the sim- 
ple and stratified. Lower J Pelvis of kidney, nr^rs, M^iHgr and 
cells are pear-shaped and ] prostatic portion of nrewunu 
dovetail into concave 
upper cells. 

Cells of no definite shape 
united by cement, sup- 

Si^mlLiVlining^S^^^^^ ^^JSL^'of'^^iSL^L'Sf *^*«^ 
of secreting gllnds and» units of ghmdulkr structure. 

the tubular units of ^an- 
dular structure. 




StMtifi«<( l.av«m«nt Stratified Columnar 

efithWium- «fit(i»tium. 

e 





Stfatifiei^ trantHionai 
itYaiUUd CiliaUd e^it/,€iii.tn. 

a}itheliittn- '•••■■ 

$tratifUd -fflrms. 



PLATE IV. 
The Diffeheht VARirrres P»" Epitheucm, 
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A C0N8TRUCTIVB METHOD IN HISTOLOGY. 



SPEX7IAL EPITHELIAL CELLS. 



Varikties, 



1. Goblet ceHs. 

Plate V, Fig. 1. 

2. Enamel. 

Plate V, Fig. 2. 



8. Pigment cells. 

l»late V, Figs. 8, 4^ 5. 



Dbscbiptiov. 



Large, troblet or 



chalice-shaped cells of 



„„_, go ^ — -_ 

the columnar type with clear protoplasm •< 
and an aocumolation of mucus. 



Location. 



On sarftoes eoTered with oolnmnar or 
ciliated columnar epithelium. 



I Four- to six-sided columns united by , nft_^-i„_ xy^ a^m^^ «/ ♦v* ♦^mi*i. 



J Polygonal or polyhedral cells containing 
1 buick pigment in Tarying amounts. " 



1. Posterior surfkoe of the IrisL 

2. Betina of the ere. 

8. Hembianons labirrinth of the 
4. Bete mucosum of the skin« ' 
6. Cortical substance of the hali: 

6. OlfjMtory part of the nose. 

7. Lamina supra choroidea. 



4. Cells of crystalline lens. 
Plate V, Fig. 6* 



A single row of short polyhednd odls 
whi^ develop into elongated lens flben . cystdliiie Iowl 
united by cement and form a more or» v»/ ■».■»— ••«-» 
less perfect double oonyex lens. 



5. Neuro-epithelium. 
Plate V, Figs. 7, 8, 9, 10^ U, 



CeDs of Tarions shapes and sixes placed 
between external stimuli and nerve fibers 
and so constructed that the nerve ele- 
ments and epithelial elements are blended'' 
into one cell which becomes a receiver 
and transmitter of impulses. 



1. Bods and oonea of the retina. 

Plate V, Figs. 7, 8. 

2. Hair cells of the organ of CortL 

Plate Y, Fig. d. 
8. OUictory cells of the nasal fossa. 

Plate V. Fig. 10. 
4. Gustatory cells of the taste buds. 

Plate Y, Fig. 11. 



6. Ovum. 

Plate V, Fig. 12. 



7. SpermatozoSn. 

Plate V, Fig. 13. 



A round cell differing from other cells in 
the equal division of its chromatin as it 

producing a third which develops under 
usual laws into the complete animaL 

J A cell of the ciliated type with the same • TWft^i^ 
I peculiarities as the ovum. -^Testicle. 




'•"^J.**""*" "•»" 



4^ 



Kfmtat Ctll »t I 






PLATE T. 
FoKiis OF Epttheliuh Occubbiho ik the Oeneoatitb 4Nd Ben^bt Smnot. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



CONNECTIVE TTSSUEL 



Varieties. 



1. LTmph. 



Structure. 



1. CeHs. 

Plate VI, Fig. 5. 



Description. 



2. SpecUlIxed 
coonectiYe* 
tiiBiie cells. 



Small, colorless cells with laise nadei and small 
amount of protoplasm called lirmi^ocjteBy 
which may be antecedent forms of leucocytes. 

n T.4«^«ii„i.. -«i,^ I -An intercellular liquid with the same oompoei-' 
^ JSI^ i^ Jj^«J. N tion as blood pUsma except that the prot2d 
stance or plasma. ^ consUtuents are less in amSunt. 



Location. 



1. Lymph spaces and 



Varieties. 



L n 



Igment 
HateVJ 



VI, Fig. 9. 



Description. 



Round or oral granules of black or brown color 
packed together within the cells. They may 
escape and show the Brownian movement • 
Alone they are colorless. Thev may be excited" 
to aggrmtion or separation by nerre stimuli 
giring shades of any density. 



1. Outer lurfaee of 

choroid. 

2. IntheixisL 

a. On the pia mater of 

the upper part of 

spinal oord. 
4. In retiform tissue of 

some lymi^ nodes. 
6. Sometimes in the 

spleen. 



2. Osteoblasts. 

Hate VI, Fig. 14. 

3. Osteoclasts. 

FUte VI, Fig. 10. 



In the laeunsof bone. 
Beneath the p^os- 
tenm. 



J Flat cells with large nuclei and many brandies. J « 
I They are the bone-forming cells. | ^ 

J Large oeOs with many nuclei. They are thej ^ **?# *!?!!5S^J???! 
i l^e*bsoibing cells. ^ ^® ^ *** 



^ ^l^i^e^^Fie. Ifi. "^ ^'^'^ ^^"^^ ^'^ ^^ unlike the osteodasts. \ Bone marrow. 



5. Erythroblasts. 
Plate 



VI, Fig. 17. 



6. Marrow cells. 

Plate VI, Fig. 18. 

7. Odontoblasts. 

Plate VI, Fig. 19. 



a 



Phagocytes. 
Plate VI, 



Figs. 6, 7, 



9. Neuroglia. 

PUue VI, Fig. 21 



J Small red-tinted cells resembling nudeated red i «^ »^_„- «.«-««.• 
1 blood cdls of the embryo. * H Bed bone marrow. 

J Cells like the leucocytes except t*'.^ Jiey have i «,„- «.«««.« 
"i larger, clearer protoplasm and larger nuclei. ^ **®°® marrow. 

I Pulp cayitr of tooth on 
J Long columnar cdls with long and delicateJ the dentinal sor- 
) processes. | Uo^ 

I Spherical, nucleated, amoeboid cells which de- 1 A„,„t^-. 
8.^ stroy other cell lilb by their digestive abiUty. i -^T^^rB. 

slls with many branches radiating from the , a««,»«»*i««» #w,.^^,_^j. 



\ 




C el ' 

MmmMCUaTvansinohft' Po6jr)uc(rar Pigment Cttt ALisf CtU- 








ErytJi^oi^tt MatMvw £('( odontatUits Hed tUott CtU 





Cotititciivi iitsut £«((! 



Thx Vasioub FoBiCB or ConNEcnvB Tissue Cells Occubbino in Blood, Coi 
AND Nebvoub Systeu. 



I NHE OTI VB TISBDES 



A CONHTRVCTIVB METttOD IX HIBTOLQOJ. 



FIMe VII, Flf. 



1 T«llov 
Pl»t« VII. Fig. 



CONHECnVE TISSUE. 



DESCKimOH. 



SubrianoBOi < 



1. Irnnlir. FUM VI, Flc. 1. 
1 Brmnehln. Pl.W Vl, fIb. % 
l.||^DdJe, pliMVI,ng. £ 
b:l."™%1« ■]PUt«VI.Flgi.4-g. 
(. Taudou, PUW VT, Fig. 11 

FIna, waTT, parall*!, 
moUDg flbvim vhlch i 
aottiB add ud jMi 
boiling CaiB«nC 



Largv, unutoEDoaiDg fl 



Fariogtmrn, p 
, drium dun 
I. If ambniwL < miU 



iTgaoa J ^^r**"***^^ whid nnlte 



■ JEip 

1 "1 



L LIgmmeaU. -| . 



.Usuu 



I Fanntntad mamt 
i ofhlatkl-Tftli. 

■■■^^^ -{ETarx-ha™. 

4. TelloT I Extanal mi, 

Elaitlo' ■< tube,eplglMtlia 
CartllagB. I nleBlalfrngla. 



COMHECTIVE TISSUE.— flmHm«r£ 



^. Ljmpbol 



iBofl, Aec<?j.BiipportiDg or a flrm, 

el«r Uitun ^"iditc°u "irn 
motlaa or arm eonaectlap oF tht 

quired" "whorBTerilijUia a «*■ 
uie of ipicca wMch lufe giTaa II 



jaococytw or white blood celli or 
l^mpb colli Id the nifAhea Df tha 



A Irmphoid tluua 



hmt 




■ tlnae. 






























mo 


a 


d part! 





FoDDd at all ttaa antranixa to the 
body; beneath the loucom mem- 
brana of tba pbarrai. Iflnalli, 
tongue, siophagui, itamach, Id 
the aolltary glaadi, PejBf> 

teatlue, to the talixtrf elaDdg of 
the large lotatloe. In the mueota 
of the appeodli, beoeith the 
mucosa of the larynx, traehaa. 








V*(toW rtoX iitw.. <^~" ^"*''"' "f *'""* *''***^ *^**'"- 



PLATE Vir. 
Thb Vabifties or 0)mndotite TiaauB. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



CONNECTIVE TISSUE.— C.n/tnt/crf. 



Varieties. 



Structurk. 



6. Adipose. 
Plate VII, i 
Fig. 11. 



1. Cells. 



2. Intercellular 
substance. 



Description. 



Consists of sacs filled with oil. The sacs 
are the remains of connective tissue cells 
whose protoplasm has heen changed to 
oil with their nuclei to one side. 



•{ Cement. 



Location. 



7. Neuro 
Plate 
Fig. 24. 



'^r j 



1. Cells. 



2. Intercellular 
substance. 



I Cells with many radiating branches which 
unite to form the framework for the sup- 
port of nerve cells. 



■I 



A modified form of connective tissue fibril- 
lar substance. 



Varixtibs. 



Structure. 



1. Cells. 
1. Hyaline. 

Plate VII, Fig. 12. ^ ^ intercellular 

substance. 



fl r.wii.<r« J 2- White fibro. 
8. Cartilage. ^ pi^|^ yji^ pjg jg. 



8. Yellow elastic. 
Plate VI, Fig. 14. i 



1. Cells. 

2. Intercellular 

substance. 



1. Cells. 

2. Intercellular 

substance. 



Description. 



Round, oval and 
capsulated. 



en- 



1 



Found eyery where in the body 
except in the lungs, eyelids 
and penis and within the 
skull. Beneath the skin it 
forms with the areolar tissue 
the Panniculus adiposus. 



Found in nerve tissue as a sup- 
port. 



Without structure 
and looks like 
ground glass. 



X Same as the hyaline. 



\ 



A hyaline base con-< 
taining fibers of 
white fibrous tissue. 



Makes up the thyroid, cricoid 
and arytenoid cartilages of 
the larynx, alee of nose, rl ogs 
•{ of the trachea, plates of the 
bronchi, unites the ribs to 
the sternum and covers the 
Joint surfaces of bones. 

Makes up the circumferential 
cartilages of the hip and 
and shoulder joints, oval 

f>lates in the loints of the 
ower Jaw and ciaTicle,sickle- 
shaped plate in the knee- 
joint, intervertebral disks, 
sesamoids and grooves of 
tendons. 



•{ Same as the hyaline. 



A hyaline base mostly 
transformed to yel- 
low elastic tissue. 



Makes up the foundation of 
the ear. Eustachian tube, 
epiglottis and cornicula 
laryngis. 
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A CONSTRUCTIVE METHOD IN HISTOLOGY. 



CONNECTIVE TISSUE.— Qmtintted, 



Two Sets. 



YARnETIES. 



Two second 
molan Two 
first molars. 



8. Two caninet. 



1. Twenty tem- 
porary teeth. 
Ten in each 
jaw. 



Teeth. . 
PUte IX. 



2. Two lateral 
incisors. 



1. Two central 
S incisors. 



8. Two wisdom. 



7. Two second 
molars. 



6. Two first 
molars. 



5. Two second 
bicuspids. 



2. Thirty-two 
permanent 
teeth. Six- 
teen in each 
Jaw. 



Two first 
bicuspids. 



8. Two canines. 



2. Two lateral 
incisors. 



1. Two central 
incisors. 



Structubb. 



1. Membrane 
of Nasmyth. 



Description. 



2. EnameL 



Epithelial remains of the enamel organ 
coToring the young enamel in the form 
of a thin membrane. It is soon worn off. 

I Hexagonal oolamnseztend- 
Prisms. -s ing firom dentine to sur- 
i face. 



< Lines of 
Betsios. ' 



Obllqne lines passing 
throaffh the enamel 
caased by periodic deposit 
of caldam salts. 



ClIKMTSTRY. 



96^ mineral 
matter. 

2 )( animal mat- 
ter. 



8. Dentine. 



4. Dentinal 
tubules. 



-I 



Lines of I Parallel lines caused by 
SohrSger. ] differences in refiraction. 

Parallel fibers nnited by mineral cement j 78 ^ m i n e r al 
extending firom palp cavity to enamel. ] matter. 



6. 



6. 



Sheaths 
Neumann 



A system of minute, communicating 
canals, curving like tne letter S. origi- 
nating in the pulp cavity and ending in 
the interglobular spaces. They contain 
the proloneations of the odontoblasts, 
called dentinal fibers. 

of J Dense, mineral ground substance enolos- 
• I ing the dentinal canals. 



I Irregular, branehing spaces in the dentine 
Interglobu-j ander the enamel where calcification 
lar spaces of^ has not occurred. When small and 
Csermak. I numerous 






pearance 



B they produce a granular ap- 
called granular layer of Tomes. 



7. 



8. 



Apical fora- 
men. 



J Aperture at the end of the fkng through 
"j which blood-vessels and 



nerves enter 
and emerge from the pulp cavity. 



Cementnm 
or crusta-< 
petrosa. 



9. Pulp cavity.- 



10. Peridental 
membrane. ' 



11. Blood ves- 
sels. Lym-. 
phatics. 



12. Nerves. 



A bone structure, without Haversian 
canals, covering the fangs. It contains 
a sreat number of Sharpey's fibers nn- 
CMoified. Its lacuneeommonicate with 
dentinal tubules. 

A central cavity ooeupied by oonneotive 
tissue fibrils, bran<med connective tis- 
sue cells, a semi-liquid ground sub- 
stance. At the surnoe is a layer of 
columnar cells— odontoUasts— which 
send two or more processes into the 
dentinal tubules ana one into the pulp. 

A fibrous tissue membrane which is the 
periosteum of the alveolus, continuous 
with the cementum and blends with 
submucosa of gum. 

Blood-vessels enter by apical foramen, 
pass through pnllH divide into man v 
branches which become llui-shapea, 
then extend into a capillary plexus 
which spreads out between the odonto- 
blasts and dentine. Lvmphatics have 
not becm demonstrated in the pulp. 

Some medullated nerves enter by the 
apical foramen, lose their sheaths, dir 
vide into fine fibers which form a plexus 
under the odontoblasts Other medul- 
lated fibers reach the outer part of the 
pulp, lose their sheaths and form a 
second plexus communicating with the 
first; fiom this small branches extend 
between the odontoblasts and into peri- 
dental membranei 







MMtalUtti 



Apical fommtn. 



Pt.ATK IX. 
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A CO^BTRL'CTIVE METHOD IN HISTOLOQY. 



CONNECTIVE TISSUE.— Cbn/inu«rf. 



Yabiktt. 



Structdbe. 



1. Cells. 



12. Blood. ' 



2. Liquid inter- 
odloUir 8ub- 
stance or 

{>Iasma or 
iquor san- 
guinis. 



Yaribtibs. 



Divisions. 



1. Bed. 



1. Bird, fish or 
reptile. 
PkteVI. 
Figs. 21, 23. 



2. Mammal and 



Dbscription. 



Plato VI, 
Figs. 20, 22. 



2. White or leo- 
ooortes. 
Plate VI, 
Figs. 5, 6, 7, 8. 



8. Blood plate- 
lets or third 
corpusde or' 
hsmatoblasts. 



1. 



Bird, fish 
reptile. 



or 



2. Mammal and 
man. 



1. 



Bird, fish 
reptue. 



2. Mammal and 
man. 



Biconvex, nucleated, ellip- 
tical disks varying in size. 
The PetromisontidiB have 
the round cell. 

Biconcave, nonnnudeated. 
circular disks firom 1/2700 
to 1/12000 inch in diam- 
eter, composed of U.Uj 
pelide or stroma within 
which is hemoglobin. 
Camel tribe has Uie ellip- 
tical cell, 5,000,000 per cm. 

Spherical, amoeboid, nu- 
cleated bodies of varving 
diameters, 1/5000-1/2500 
inch. 

Same as above. 

Small, discoid, amoeboid 
oval bodies without color, 
1/12600 inch. 

Same as above. 



Varieties. 



Polynndear neutrophUes, 70^ 

2. Small lymphocytes, 2^ 

3. Large Ivmphocytes, 2-4^ 

4. Cells with an irr^pibuHdiaped 
nucleus, 2-4^. 

5. Eosinophiles, l-4Jt, 
Percenta£^ vary. 



Structure. 



1. Fibrin. 



Structure. 



1. Fibrinogen. 

•{ 2. Thrombin. 

8. A lime salt. 
1. Water. 



Description. 



A globulin of the plasma obtained by half saturat- 
ing planna with sodium chloride. 

J Produced bj the coxhbination of calcium salts, 
] prothrombin and a ferment 

j Some salt of lime is neceenry to formation of 
i fibrin. 



2. Serum. 



2. Serum albumen and serum 
globulin. 

8. Inorganic salts. 




A £*ri/.d tnuKU fUr, 




PLATE X. 

Vahieties op Muscle. 
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A coXfiTjacnvE method is iiistoloot. 



MUSCULAR TISSUK. 



i VARIKTIKi. 



iMVIfHONS. 



Ktructurk. 



1. Striped Vol- 
untary. 



i 



2. Striped In- 
Toluntary. 
Pl»te X, 
Figu. 7, 22. 



1. Fasolcull, 

Laoerti ur 

Bundles. 

Plate X, 

Fig. 1. 



1. Kpimysium. 

2. Periniyvium. 

"^ 8. Kudomyiium. 
4. Fibera. 
1. Saroolemmik 



Dbscriptiov. 



liOCATIOK. 



■I 



Connect! re tUsoe iheath around outside of a 
number of fkadculi. Plate X, Fig. 1. 

Connective tissue sheath around eaeh CmoI- 
oulus. Plate X, Fig. JU 



\ 



2. Fibers. 
Plate X, 



Conneotire tissue extensions from the peri- 
mysium between the muscle fibers. Plate 
X, Fig. 1. 

I Cylindrical bodies with round edges and al- 
•< ternating light and dark stripes traoa- 
I Tersely arranged. Plate X, Fig. 1. 

J Structureless membrane around each fiber. 
1 Plate X, Fig. 8. 

Plate 



2. Sarcostyles o r J Divisions of the fiber longitudinally, 
muscle columns, i X, Fig. 4. 

8. Sarcoplasm. { Cement uniting the sareoatyles. 



4. Sarcomeres. 



ipiJL o Q i K '^6wI>obie»s Line, 
ri|^ 2 8, 4, 6, Krause m e m - 



6 and 1. 



brane. 

7. Hansen's Disk. 

8. Nuclei. 



Parts of sarcomeres 



5. Saroous elements.^ fcVj?*'!*"^ *^®^ 

light stripes. 

Plate X, Fig. 6. 



J Parts of the sareoatyles between any two 
1 membranes of Krause. Plate X, Fig. 8. 

Two series of tabes, 
eadi seriea extending 
friom Hensen*s Disk 
to li^t stripe. 

Line or membrane in the middle of tha light 
stripe. Plate X, Fig. 4. 

J Line in the middle of the daric stripe. Plate 
i X, Fig. fi. 

Oblong bodies with little or no protoolasB o« 
the under surface of saroolemma in sank- 
mals. In the fiber in fh^s. Long 
the middle in insects. 



9 Areas of Cohn- Small polygonal areas separated by fine Unea. 
hi^ S They are the cross secUons of the — 

****"*• 1 costyles. 



Description. 



Short, anantomosing fibers faintly striped transrersely, without wmnoAmmmti. with 
]>romiiient nuclei and longitudinal striations. Sections shoald beeot parallsi wltk 
the Hurfaoe in order to nii^e the stripes visible. 



SkdoCaL 



3. Unstriped In- | Long ulender, snindle-ehaped cells held together by cement-. A long, blunt micleaa I 
vlittx' "^ *" Hitiiated in the center.* -^ " ^- ' •— -"- — --"^ -- -^-^-__ I 

Figs. 8, 9, 10. 



1 



The protoplasm is longitudinally str^MM, the atriatioaa»{ 
beiug continued into the nucleus. 



tlM hol- 
low Tie- 







Htrve etlU.fih-n. Nsupom- 



PLATE XI. 
Tasioub Types of Nebve Cells and Fibebs. Nedboh. Neuboolu, 
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A COSHTUUVnVE MIlTUOb IS UltiTOLOGY. 



NERVOUS TLSSUE. 



Divisions. 



Yaribtirs. 



1. Gray 

matter 

or cells. 



1. Oells of the 
first type. 



Description. 



Axis cylinders are continu- 
ous with those of the 
nerye fibers. 



2. Oells of the 
second type. 



2. White 
m«tt(*r 
or fliMrs. 



1. Mcdullated. 
Pluto XI, 
Fig. 2. 



3. Non-mcdul- 
latml 
Plate XI, 
Fig. 8. 



Axis cylinders do not leave 
the flpray matter, but after 
diviaing and subdiTiding 
envelope the other nerve 
cells in their vicinity. 



Varibtibs. 



L Spherical 



2. EllipsoidaL 



Dbscbiftiov. 



Location. 



Laige, roand cdls with nu- 
•i deusandnocleolns. T7nl-J Qan^ia. 

I Large, elongated cdls with I 
1 BiSolM "** n«c>«»liw.-^ g^iiiiaicoid. 

3. Pyriform. J ^^^ PMMhaped obHs 1 

PUtc XI, Fig. «. ] iSr MiSu^lS "*^^ ^^'"'^^ 






4. Pyramidal j Largei triangular cdls withj ^ ^. 

Plate XI, Fig. 7. "^ nucleus and nnctoolua. 1 UBrebram. 



] 



Laige cdls with nudens and 



5. Stellate. j - i , 

Plate XI, Fig. 8. i Jm^w! ^^erali Spinal coid. 



\ 



6w Nenrogliik 
PUite XI, Fig. 5, 



I Odls with many brandies I ^ ^ * ^ 

J uniting to form a ftame-^ nerve tis- 

I work. ^^ sue as a 

■appoii. 



Divisions. 



Structure. 



1. Eplnenrinm. • 



Description. 



Areolar tissue surrounding 
a number of ftmiculL 



i Perineurium.^ -"S^^flS^J"™"""^' 

1. Funiculi. -j 3. Endoneur-j Extensions of perineorinm 
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SECTION 2 

CONSTRUCTIVE METHOD BASED UPON THE TUBE PLAN 
OF STRUCTURE OF THE ANIMAL BODY 



THE TUBE AS A STRUCTURAL AND FUNCTIONAL 

UNIT. 

From simple observation of the animal body and its various organs 
in their natural positions it is evident that the tube forms a considerable 
part of them all. Reference to systems and organs^ in italics, in the 
outline on pages 4 and 5, shows that most of them are tubes. Gross 
anatomy deals with visible structures such as the alimentary canal, body 
cavities, trachea, large and small bronchi, arteries, veins and lymphatics, 
ureters and bladder, uterus. Fallopian tubes, vagina, urethra, vas 
deferens, etc., and all are tubes of varying diameters and lengths. 
Minute anatomy deals with invisible structures such as the acini of 
secreting glands, alveoli of the lungs, tubes of the kidney and testicles, 
blood and lymph capillaries, etc., and these are very small tubes of 
microscopic sizes. Consequently whatever observation one makes, 
gross or microscopic, he is always dealing with tubes, large or small. 
The tube then is common to the greatest number of organs and is there- 
fore a necessary part of them as a unit of structure. The development 
of the vertebrate kingdom from primitive forms of life also directs atten- 
tion to this fact. The small dimensions of the Protozoa enable them to 
continue themselves and exhibit their phenomena of life without the 
presence of a central cavity ; but, as physiological division of labor ad- 
vanced in accordance with an increase of animal mass, a time came when 
a central cavity was necessary for the nutrition of the animal and from 
that time the tube became the basis of animal structure. It was fore- 
shadowed as far back as Euglena viridis, a single-celled organism in 
which there was a slight indentation in the anterior end of the creature 
and which was set aside as a food tube of entrance to the small body. 
This simple tube in the low forms of life, developing into a complex sys- 
tem in the higher and highest forms, indicates the line of ascent along 
which animal progress has made its way. The worm, tunicate, fish, 
amphibian, reptile, bird and mammal— chief divisions of the animal 
kingdom— all present the tube as a common, fundamental structure of 
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the body and of most of its viscera. Embryological development also 
reveals the tube in all its phases. After fertilization has occurred and 
the blastoderm has been formed the whole period of prenatal life is con- 
cerned with tube formations and adjustments and when the creature is 
bom it is bom as a large tube within which are arranged, in the form of 
viscera, a vast number of small tubes of all magnitudes— the kind of tube 
produced depending upon the functional requirements of the animal. 

A definite structure as universally present in body formations as the 
tube must have a functional capacity equal in variety and importance 
to the structural ; for the phenomena of animal life are the complex, con- 
stant results of chemical action taMng place in the fundamental struc- 
tures of the body. In as much as the basic tube presents such a variety 
of forms, it follows that it will also present a variety of functions pro- 
portionate to the character of the structural changes. We find, there- 
fore, that tubes exhibit such functions as digestion, respiration, absorp- 
tion, circulation, secretion, excretion, reproduction, progressive and in- 
termittent motion of contents— all of which depend upon their structural 
variations. Since the animal first started as a simple, single tube it has 
not changed except in the number of tubes and the complexity of their 
arrangement. Metabolism, growth, motion and reproduction have 
always been the essential attributes of life, and they have been possible 
only on account of the tube activities of the body. The tube supply is 
the natural outcome of cell demand. For example, nutrition is absolutely 
essential to cell continuation and therefore must be provided for. Foods, 
by which it is maintained, are, as a rule, not adapted to cell metabolism 
omtil they have been subjected to certain chemical processes. These 
processes are made possible by the concerted actions of many tubular 
systems such as the respiratory, digestive, absorptive, circulatory and 
excretory. Whenever or wherever liquids, gases or solids are to be pro- 
duced and directed to some definite point the tube is a self-evident 
structure. 

Plan of Tube Arrcmgement. —The body is a large tube containing a 
prodigious number of small tubes which vary in diameters and lengths 
according to their functions. Some tubes are microscopic, others macro- 
scopic ; but the plan of their arrangement is the same everywhere. The 
microscopic tubes are joined by connective tissue to form the principal 
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viscera while the macroscopic tubes form the avenues of income and 
outgo for these viscera. Simple dissection determines that most of the 
great systems of the body conform to this plan, as for example— the 
respiratory, digestive, urinary, genital aud vascular. The respiratory 
system is composed of enormous aggregations of alveoli or small tubes 
joined by connective tissue to form the lobules and lobes of the lungs and 
of the small, medium and large bronchi, trachea and larynx which are 
large tubes of outgo and income for the gaseous products of metabolism 
and chemical elements of nutrition. The digestive system is composed 
of vast numbers of small, tubular secreting glauds united by connective 
tissue to form the functional part, while the alimentary canal as a whole 
is a large tube providing for the income of foods, tiieir digestion and 
absorption, and the outgo of waste. The urinary system is composed of 
myriads of small tubes united by connective tissue to form the kidneys, 
and of the pelvis, ureters, bladder and urethra which are large outgoing 
avenues of escape for the urinary products. The genital system is com- 
posed of a large number of small tubes which united by connective tissue, 
form the testicles or ovaries and of the vasa efferentia, epididymis, vas 
deferens, seminal vesicles, and ejaculatory ducts or Fallopian tubes, 
uterus and vagina which are the large tubes of exit from those organs. 
The vascular system is composed of tubes of various dimensions which 
form a complete circuit in the body— the small capillaries being the seat 
of nutritive processes, the large arteries and veins forming the avenues 
of income and outgo which render those processes possible. The secre- 
tory system is composed of enormous collections of small tubes— the 
acini— united by connective tissue to form the glands and of the outgoing 
ducts which are large tubes of escape for the various secretions. Thus 
the viscera are all formed according to the same plan of arrangement and 
economy of space, protection of delicate parts, certainty of action and 
successful operation are secured by this arrangement. 

Formation of Ti^6e5.— While analysis makes us familiar with parts 
of which tubes are composed, if the process of investigation terminates 
with the separation and identification of those parts, we have a knowledge 
which is useful but imperfect. Synthesis of the parts is essential to com- 
plete that knowledge and afford us a proper conception of the whole 
structure which can not be obtained by mere application of the analytical 



• •• • 












• % 



• • • 



50 1 CONBTRUCTIVE METHOD IN B18T0L0QY. 

method. If we have discovered that all organs are composed of tissues 
and have not attempted to construct those organs by means of those 
tissues, we simply have discovered a collection of materials which are 
without purpose or significance. There are four tissues in the body; 
epithelial, muscular, connective and nervous, and each tissue ia divided 
into several varieties. The varieties are the "building materials" and 
present fixed peculiarities which give to them important values both in 
chemical and mechanical constructions. They are combined in many 
ways according always to design, and tubes are constructed the walls of 
which are usually described as composed of coats. The coats are com- 
posed of layers and the layers of tissues. A coat or layer is known or 
determined by its predominating tissue, although, strictly speaking, 
almost any coat may contain all four tissues. Thus, by a connective 
tissue coat is understood a coat in which connective tissue can be seen as 
the characteristic tissue. Muscular coats may have several layers and 
different varieties of muscle but muscular tissue is the 'predominating 
tissue. Epithelial coats may have several varieties of epithelial cells, 
may include a connective tissue base and possess some kind of muscle, 
but epithelium gives to it its importance and hence characterizes it. In 
the formation of tubes from tissues we may begin with the simplest formn 
which occurs in the body, viz : the one layer tube, an example of which ifl' 
the capillary and by a process of tissue addition arrive structuraUy andkj 
functionally at the most complex variety which may be seen in the four' 
coated tube, an example of which is the alimentary canal. The one layer 
lube is composed of one, single layer of pavement epithelial cells united 
by cement and is the simplest cell structure in the body ; while the four 
coated tube has nearly all the tissues and many of their varieties. Be- 
tween these two extremes of structure occur other tubes of varying thick- 
nesses depending upon the tissues present. For convenience they are 
named according to their structural composition as: one layer, one^ 
coated, two coated, three coated and four coated tubes. See Plate Xlla. 
Having some knowledge of tissues— their structure and purpose— it isi 
only necessary to employ them as building units in order to constructi 
any class of tube which may be desired. A one layer tube is always 
composed of one layer of cells and tissue additions are made according to 
the demands in each case and in no instance is anything more added than. 
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13 needed to adapt the tabe to the office which it has to perform. In as 
much as there are many varieties of tissues, perhaps twenty or more, all 
of which seem to have different purposes, it is evident that a constructed. 




PLATE XII a. 



DiAGBAM Showing thk Gonbtbuction or tue Five CrABSES of Tubes bt Tissue Additions. 

TaklDg as a foundation the one layer tube, which is purely an epithelial tube, and adding 

to the outaide a baaement membrane, then a connective tiBBue base, then a muscular coat, 

then a muacularis mucoss, and all the tube claBBea with their component tubes may be 

constructed. 

tube will exhibit many functions. The tissues and their varieties are 
represented in the following seven plates. They are in the form of 
layers and coats which are curved. Visceral tissues are for the most part 
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arranged in circular form on account of the tabular cliaracter of their 
stmctnral units. Most all of the epithelial, muscular, connective and 
nervous tissues of viscera are therefore situated on curved surfaces or 
enter into the formation of the walls of cylindrical tubes. We must 
think, therefore, of the tissues as always extending in directions equally 
distant from a central point. Tissues in layers and coats are numbered 
and described in the table which follows the plates. The colors represent 
the haematoxylin and eosin stains and the numbers are the same as those 
which appear at the left of the case models. Coats of tubes are known 
by the following names: connective tissue, muscular, sub-epithelial or 
sub-mucous and epithelial or mucous. Plates Xm-XX which follow 
show the various varieties of the tissues in the form of coats and layers 
drawn on the same curve and numbered for constructive uses : 




CORAKCrm TlBBCEB AS OCTBIDE COATS, SUB-EPITHKUAI. COATS WITH OB WITHOUT SECXETiaa 

OiAme, Pktbb'b Patches, Soutaby Giu^nos asd Basks or EpitheliaI. 
Coats fob the CoNSiButTnon of Tdbui.ab OBGAiia. 




TaABBTEBBB, LoKontminAi. and Oblique Latebs oir Stbifed and Suooth Muscle, Thick and 
TRnr, n>B tbs ConBiBuorioN or the Musoulas Coats of Xubulab Oboabs. 




EPITHEUAt. Sthuctur 



PLATE XVI. 

i CoNSTBlJCTlO.V OF 



'. Kpitkelial Coats of Mdoous 




PLATE XVII. 

iX)R THE COB8TBtrCTIOH OF THE EpiTnELIiL COATS OR M0COUS ' 

M&ireSAnES 07 Tdbutab OnaAKS. 




PLATE XVIII. 

CONKEGIITE TlSBOK, EpITRBUAL AND NEOBO-BPITHELIAL StBUCTUBES FOB THB CONSTBDOTIOH 

OF Cebtain Coatb of Tubulab Oaa^Na. 




PLATE XIX. 



Coimxcrm l^Bacz Aim Stuaxt-trrrnxLiAj. SrsDornBig 
Bpzcul Obgaks. 



rcw TB* CoN^TRDOTsnr or Cbuih 
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MODELS NUMBERED AND DESCRIBED. 



1. Connectiye tissue 

2. Ck)iinectiTe tissue enclosing sweat gUmda, tactile oorposdes, blood Tesscls, nerres and lymphatics. 
8b Layer of striped Toluntarj moscle in transreise section. 

4. Layer of striped Yolontary muscle in longitudinal section. 

5. Layer of smooth muscle in transyerse section. 

6. Thick layer of smooth muscle in longitudinal section. 

7. Very thin layer of smooth muscle in transverse section. 

8. Layer of smooth muscle in longitudinal section. 

9. Layer of smooth muscle in transyerse section. 

10. Vascular layer of smooth muscle in longitudinal section. 

11. Layer of smooth muscle in longitudinal section. 

12. Layer of smooth muscle in longitudinal section. 

13. Layer of smooth muscle in oblique section. 

14. Layer of connectiye tissue with blood yessels, neryes and lymphatics. 

15. Layer of connectiye tissue with secreting glands, blood yessels, nenres and lymjduitics. 

16. Layer of connectiye tissue with ^ai\^ of Brunner, blood yessels, neryes and lymphatics. 

17. Layer of connectiye tissue with Foyer's patches, blood yessels, neryes and lymphatics. 

18. Layer of connectiye tissue with solitary glands^ blood yessels, nenres and lymphatics. 

19. Basement membrane. 

20. Layer of connectiye tissue with blood yesMlSi nenres and lymphatics. 

21. Homogeneous layer. 

22. Layer of granular epithelial cells. 

23. Layer of stratified payement epithelium. 

24. Layer of compound tubular glands with short necks, long bodies, chief and parietal cells. 

25. Layer of compound tubular glands with long necks, short bodies and chief cells. 

26. Layer of crypts of Lieberkdhn and yilli resting upon a connectiye tissue base. 

27. Layer of incomplete crypts embedded in lymphoid tissue. 

28. Layer of crypts of LieberkOhn resting upon a connectiye tissue base. 

29. Layer of erectile tissue. 

80. Layer of simple cubical epithelium. 

81. Layers of stratified, transitional epithelium. 

82. Layer of simple, ciliated epithdium in tubular glands resting upon a connectiye tissue cellular base. 

83. Layer of simple, ciliated epithelium in folds resting upon a connectiye tissue base. 

84. Layer of simple, cubical epithelium. 

85. Layer of elastic tissue, connectiye tissue and endothelium. 

86. Layer of stratified, ciliated epithelium. 

87. Layer of stratified payement epithelium with undulating lower border. 

88. Layer of two rows of payement epithelium— outer mostly non-audeated— inner nucleated. 

89. Layer of simple columnar epithelium. 

40. Layer of endothelium (not in section). 

41. Layer of sustentacular cells, sperm cells and spermatoxoa. 

42. Germ cell endoeed in embryonic epithelial o^s. 

43. Layer of stratified payement epithelium with border odls of columnar type. 

44. Layer of stratified payement epithelium. 

45. Layer of simple cubical epithelium. 

46. Layer of stratified payement epithelium, mostly without nuclei. 

47. Layer of stratified, ciliated epithelium with long cilia. 

48. Layer of stratified columnar epithelium. 

49. Layer of rodded epithelium. 

50. Layer of polygonal epithelium. 

51. Layer of a modified form of connectiye tissue. 

52. Layer of connectiye tissue endosing c-shapod rings of hyaline cartilage and secreting glands. 
58. Layer of connectiye tissue endosing plates of hyaline cartilage and secreting glands. 

54. Layer of nerye fibers. 

55. Layer of nerye cells. 

56. Inner molecular layer. 

57. Inner nuclear layer. 

58. Outer molecular layer. 

59. Outer nuclear layer. 
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MODELS NUMBERED AND DESCRIBED,— Continued, 



60. Layer of rods and cones. 

61. Layer of pigment cells. 

62. Layer of simple peeado-stratifled ciliated epitheliam. 

63. Layer of hair cells and sastentacular cells. 

64. Layer of hair cells, pillar cells and sastentacular cells. 
63. Layer of olfiustory cells and sastentacalar cells. 

66. Layer of simple pseado-stratified columnar epithelium. 

67. Layer of simple ciliated epithelium. 

68. Layer of simple cubical epithelium. 

69. Layer of stratified columnar epithelium. 

70. Layer of connective tissue. 

71. Layer of connective tissue with pigment cells and many blood vessels. 

72. Layer of nerve fibers, nerve cells, gan^^on cells, rods and cones and pigment cells. 

73. Thin layer of connective tissue. 

75. Layer of simple cubical epithelium. 

76. Thin layer of smooth musde in outer cross and inner longitudinal sections. 

77. Layers of connective tissue and endothelium. 

78. Layer of connective tissue upon which are blood capillaries embedded in the under surfaces of respiratory 

epitheliam. 



Some confusion may arise in the usual distinction between a coat and 
a layer. As a matter of fact exact lines of distinction between the two 
are not drawn. A coat may be a layer or a layer may be a coat. In gen- 
eral a coat is composed of layers and hence is thicker than a layer. How- 
ever, both terms are merely convenient terms to call attention to a general 
fact concerning tissue thicknesses or masses and not to a fixed number 
of cells or fibers or a definite thickness or a mass of tissue, which is 
always capable of measurement. 

Arrangement of Tubes in Five Classes.— The different tubes vary in 
structure to a considerable extent; but if we examine them all and 
classify them on the basis of structural agreement we will find that nearly 
all of them, however widely apart they may appear to be, can be arranged 
under five classes which will be found to differ from each other by the 
presence or absence of some distinguishing part. The same functional 
requirements call for the same type of tube formation, so that if we know 
where a tube is and what it does we can build the type of tube which 
belongs to that location. A general tissue formula of construction is 
employed in order that tube types and not tube specialties may be made. 

The five classes of tubes, constructed on a general formula, and 
examples of them beginning with one layer and increasing to four coats 
may be arranged as follows : 
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Ttpk ov Tubk. 


FOBKATIOH OV TUBB. 


EXAKPLB. 


1. One-layer tahe. 


Epithelium or endothelium. 


Capillary. 


2. Oneooated tube. -| 1- ^ fte^tawKii bwwment m«^^ ^ 


Acini of any secreting 
gland. 


8. Two-ooated tube. 


A J Epithelium. 

^ 1 StruetureleM basement membrane. 

^ J Connectiye tissue endoainff c-shaped rl ngs of hyaline 
^ "^ cartilage and secreting glands. 


Trachea. 


4. Three-Boated tube. 


• J Epithelium. 

1 Connectiye tissue base. 

2. •{ Mnsde — one, two or three layers. 

1. •{ Connectiye tissue. 


Epididymis. 


5. Foar-ooated tube. 


1 Epithelium. 
4. -l Connectiye tissue base. 

1 Muscle— one or two layers— muscularis muooste. 

• ; Areolar tissue with blood yessels, neryes and lym-J 
^ ) phatics with or without secreting glands. ] 

2. <{ Musde— two or three layers. 

1. \ Connectiye tissue. 


Pyloric stomach. 



Outlines.^The tubes of the body are constructed in outlines which 
are printed upon the two inside cardboard leaves of the model case. 
They are divided into five classes and into non-motor and motor tubes. 
In the construction of all tubes a general tissue formula is employed as 
a matter of convenience. Each class of tube and each tube is constructed 
by building from the outside toward the center. The outlines exhibit the 
design according to which each tube is constructed. The words in italics 
call attention to those structures which characterize the organ. The 
numbers at the right are model numbers. It is thought that a design will 
create an incentive to build and induce one to demonstrate his personal 
conclusions concerning mechanical formations. An illustration of the 
outlines in their application to tubular structures may be seen in Plate 
XX which follows. 




PLATE XX. 
ODTLuns ArruMB to tbe Btbuctuku. Fobiutiok or the Fits Tube Olabbmm. 
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epithelium is osmotic, such as the alveoli of the limg and the vascnlar 
system. This leaves only a few places where it does occur, such as the 
larynx, trachea, bronchi, nasal ducts, uterus. Fallopian tubes, epididy- 
mis. Eustachian tubes and first part of the vas deferens. It is found in 
these tubes because their motor character requires it. The great major- 
ity of the visceral tubes of the body are, therefore, lined by epithelium 
whose functions are secretory, excretory, absorptive, non-absorptive and 
protective, and this epithelium is polygonal, polyhedral, columnar, tran- 
sitional and pavement. Secretory and excretory epithelium is polyg- 
onal, polyhedral and columnar ; absorptive is columnar and endothelial ; 
non-absorptive is transitional, and protective is pavement. This also 
facilitates tube construction as their non-motor and motor character 
enables one to decide what variety of epithelium is present. The classi- 
fication of the tubes of the body according to their non-motor and motor 
capacities is given in the outline which follows. 
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OUTUNE OF NON-MOTOB AND MOTOB TUBES. 



KlITD OF 

Tube. 



MOTOB 

Apparatus. 



None. 



1. Non-motor.-' 



None. 



Tubes. ^ 



2. Motor. 



GUiary. 



Class of 
Tube. 



• Qnelajer. 



Oboahs. 



I Qne-coeted. 
i PlateXXn. 



Three-ooftted. 
Plate XXXnL 



Muscular. - 



Four-coated. 
HateXXXVL 



• Capillaries. 

Tulrali seminiferL 

Tubuli uriniferi. 

Crypts of LieberkQhn. Gastric glands. 

Serous membranes. 

Graafian follidra. 

Small ducts. 

Skin. 

Hair folUcle. 

Vestibule— utrieulus-HMOcnlus. 

Semi-circular canals. 

Cochlea. 

Nasal mucosa (olftctory part). 

Acini of secreting s^ds. 

T«aftriinsl sac; 

Vagina. 

Upper ureters, pelTis of kidney. 

Lower ureters. 

Urinary bladder. 

Gall bladder. 

Small arteiy. 

Small vein. 

Large ducts. 

Seminal vesicles. 

Urethra. 

Vas deferens (second part). 

Upper oesophagus. 
Lower oesoidkagus. 
Cardiac stomadi. 
Pyloric stomach. 
Duodenum. 
Jejunum, Oeum. 
Large Intestine. 
Vexmiform appendix. . 



CONTKHTS. 



^ Liquid. 



Two-ooated. J Trachea. 
Pkte XXVm. 1 Laige bronchi. 



One^oated. 
Plate XXm. 



I Tympanum of ear. 
J Eustachian tube. 
] Nasal mucosa (respiiatoxy part). 
I Nasal duct 



Muscular J Tliree-coated. . 
cUiary. 1 Plate XXXIV. 



Fallopian tube. 

Uterus. 

Epididymis. 

Medium bronchL 

Smsll bronchi. 

Vas deferens (first part). 



Small liquid. 



Laige solid and 
small liquid. 



Large liquid 
andsoUa. 



{Small liquid 
•I andlazge gas- 



eous. 



J 



Small liquid; 



Laige solid and 
small liquid. 
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Tahnll Hmlnlfiri 

Secnllng (landa : Tbf mid 

PBioUd 

SubmuLillitf ind nbUBcBsl _, 



NaboUitiD gUndi 

BinboUn'i elinds 

UlaDdiofLr[lr&.... 

Tubullnrioiferl: N«k _ 

DaandlDE apinl. 

1>««ndiDE Mnlght- 

Ucnls'alwp. 



DlimScoDToluUeii^ 
DaatsrBalQDl. .7. 

ajtwu or iBBf 

QmSulUliBU 



^npunD of Mr.^ 

£utacU*ii tub*- 

StMti duet, Ibwk ... 
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CONSTRUCTION OP TUBUT.AR ORGANS.— Ow/intted. 


Organs. 


OmEB- 
Laybr 
Tube, 


Onb- 

Coated 

Tube. 


One- 
Coated 
Tube. 


Two- 
Coated 
Tube. 


Turee- 
Coated 
Tube. ^ 


Three- 
Coated 
Tube. 


Four- 
Coated 
Tube. 


Non- 
Motor. 

No. 


NON- 

Moxos. 
Nos. 


Cn.TABT- 

Motos. 
Nos. 


ClLIART- 

Motos. 
Nos. 


Mttscular- 
Moxos. 

Nos. 


muscut.ar 
Ciliary- 
Motor. 
Nos. 


Muscular- 
Motor. 

Nos. 


TJoDer (BSODhacms. 














1.3.4.15.76.73.23 

1.9.8.15.76.73.23 

1.9.8.13.14.76.73.24 

1.5.6.14.76.73.25 

1.9.8.16.76.78.26 

1.9.8.17.76.73.26 

1.9.8.18.76.73.28 

1.9.8.20.7.27 


Lower oesoohaeus. ' ' 


. 






Cardiac stomach ' ' 


1 






Pyloric stomach ' ' 


1 






Duodenum. ' 


1 






Jeiunum ileum 


1 


1 






Jjanre intestine 


'Z'/Z'.C""'Zl"Z 


1 






Vermiform aoDcndix 




1 








1 


' "*i 






EYE-ADAPTATION OP THE TUBR 


Organs. 




One Coat. 
Non-Motor. 


1 


Retina 




6455.56.57 
58.59.60.61 


Cornea 




44.19.51.21.3C 
70.71.72 


roatff of ^y€h^ftii t ,., 









We may consider the non-motor tubes first, as these are the simplest 
in structure and naturally become fundamental in more complex forma- 
tions. The one layer and most of the one coated tubes belong to this 
class. 

One Layer Tubes, Non-Motor (see Plate XXI).— The one layer tube 
is composed of one single layer of pavement epithelial or endothelial cells 
united at their edges by cement. To this class of tube belong only the 
blood and lymph capillaries. On account of the single layer of cells 
forming their walls, they must necessarily be incapable of great strength 
and are therefore very short. They are also but little greater in diameter 
than the blood or lymph cells which pass through them. The blood capil- 
laries form those parts of the vascular system intermediate between the 
arteries and veins, and here it is that the processes, by which nutrition 
is maintained, are carried on. 



G 
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4 aONHfHUaTlVK MBTnOD ITS BIBTOLOQT. 







^M ^^^^ t^*^ ^Vi-i^ >\.«**- 
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these tubes would defeat the whole process of nutrition and elimination. 
Since it is the simplest variety of tissue which is found in the body and 




PLATE XXII. 



TnlllTT-OBE 0SE-C0ATB1>, NOB-MOTOB TpBES IN ONE DUGBAM, SnOWINQ LATERB CoMMOW TO 

THEM ALL. (Numbers are model numbers.) 

has a definite function, it may be taken as a fundamental type of tube 
formation. It does not follow from this that the same hmd of epithelium 
must form the lining of all tubes ; but that some form of epithelium must 



U»lr ^H 
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be found tiiere. To this may be added other tissues for protection, sup- 
port, vascular supply, motion and form, and the remaining four classes 
of tubes may be constructed. (See Plate XX, fig. 40, for the capil- 
lary, and the remaining figures of the same plate for the construction of 
other tubes; also case outline of a one layer tube.) 




FotTB One-Coated Ciliart Motor Tubes in Ore, SHOwma Latebs Cohuon i 
(Numbers are model numbers.) 



One Coated Tubes (Non-Motor and Ciliary Motor) (see Plates XXII, 
non-motor; XXin, ciliary motor— mic. and XXIV, XXV, XXVI— mac). 
—The next form or class of tube, somewhat more complex in formation 
and function than tiie one layer tube, is the one coated tube. It may be 
formed from a one layer tube by adding directly to its outer aspect some 
other varieties of tissue. In the construction of this tube from a one 
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layer tube a general tissue formula is employed and not a special or 
restrictive one; that is, the one layer tube is understood to be not an 
osmotic or absorptive tube restrictively but a tube of any function which 
gives character to the oi^an by virtue of its own particular epithelium. 
It has two layers, one epithelium and the otiier some variety of connec- 
tive tissue. 

The epithelium may be of any variety and the connective tissue may 
be in the form of a basement membrane, structureless in character or in 
the form of areolar tissue or base, containing blood vessels, nerves and 
lymphatics, with or without secreting glands. These tubes are, for the 
most part, small and constitute the structural units of most of the vis- 
cera. They are joined by connective tissue and form such organs as the 
kidneys, testicles, ovaries, secreting glands and lungs, or they may be in 
lai^e expanded areas as in the skin and serous membranes or they may 




PLATE XXIV. 
Types or Spcbetino Glamdb. 
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be in the form of a prolonged tube enclosed in a bony canal as in the 
internal ear. At first thought it may seem somewhat confusing to asso- 
ciate as belonging to the same class of tube such structures as the acini 
of secreting glands, internal ear and skin ; but if we consider them from 
the viewpoint of their functional operations, we shall see that the first 
are secreting organs, while the last two are sensory. The structural 
requirements of these two classes of organs are essentially the same; 
that is, the functionating part must be as near to the blood current as 
possible. This type of tube, therefore, is adapted by structure to func- 
tions of secretion and special sense. Secreting glands are all constructed 
on the same plan, viz : a basement membrane with a circulation on one 
side of it and some variety of epithelium on the other. This arrange- 
ment brings the functional epithelium as near to the blood stream as it 
is possible to get it. It is as essential that neuro-epithelium should be 
close to the blood stream as it is that secreting epithelium should be, for 
all highly organized cells require such positions. To this class of tube 
belong chiefly the secreting organs and the organs of special sense, as : 



Secretory : 

Tubuli uriniferi of the kidneys, 
Tubuli geminiferi of the testicles, 
Graafian follicles of the ovaries, 
Alveoli of the lungs, 
Acini of secreting glands. 
Small ducts. 



Sensory : 

Vestibules, utriculi, sacculi, semicircular 
canals and cochlese of the ears; skin, hair 
follicles and serous membranes. 



Under the microscope a small, simple, isolated tube in cross section 
is not as easily identified as the large complex one; for example, it is 
difl&cult if not impossible to identify in cross section the ascending por- 
tion of Henle's loop of the kidney or a blood capillary if they are ob- 
served by themselves without reference to adjoining parts, while the iden- 
tification of the oesophagus, uterus or artery is a simple matter. That 
is, in order to be easily recognized under the microscope, any organ must 
have a sufficient number of tissues arranged according to a certain fixed 
plan, to give that organ a distinctive character. This arrangement has 
more to do with the act of recognition than a single cell or any single 
part. We seldom see one kidney tube or secreting gland acinus in cross 
section, but many of them united by connective tissue, so that when one 
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SENSORY SYSTEM. 


■ 


Organ. 


Divisions. 


Subdivisions. 


Further Divisions. 


Structurb. 








1. Skin. •{ Like the structure of skin dsewhere. 






1. Pinna. • 2. Glands. •{ Sebaceous in character. 








3. Connectiye tissue. •{ Like any subcutaneous tissue. 
1. Skin. •{ Same as elsewhere. 






2. Extern al ^ 


2. Cartilaginous part •{ Yellow elastic 






auditory canal. 


3. Glands. •{ Sebaceous, ceruminoua. 




1. External , 
ear. 




4. Bony part. 

1. Lamina propria. 


1. Outer layer. " 


Connectiye tissue fibers 
radiating from the peri- 
phery of the tympanum 
to the attachment of the 
head of the malleus. 










o T»«iA* lo,,^. J Connective tissue fibers 
2. Inner layer. ^ inning circularly. 






8. Membrana 

t.vnnnani "* 


2. Cutaneous layer. i Like skin elsewhere except that it is thinner. 










1. White fibrous tis- 








1. Tunica propria. 2.^ 


sue 
2. Yellow elastic tis- 






3. Mucous layer. 




sue. 






2. Epithelium. 1. •{ Polyhedral cells. 






1. Bone and periosteum. 








1. Wall of the 
tympanic cay-- 




1. Tunica pro- J A tissue resembling lym- 
pria. } phoid. 


8L ISta. ^ 




ity. 


2. Mucous membrane. " 


1 Polyhedral cells over the 

2. Epithelium. J SSfe^SfilfurtS: 

where. 


^ 






3. Glands. < Tubular. 








1. Bone and periosteum. 








2. Mastoid cells. ^ 


2. Mucous membrane. - 


1 1. Connective tissue. 
1 2. Polyhedral epithelium. 




2. Middle 
earortym-^ 
panum. 


3. Secondary 
tympanic mem-^ 
brane. 


1. Mucous membrane. -< 

2. Lamina propria. ' 

3. Endothelium. 

1. Incus. •< 


1 1. Connective tissue. 

1 2. Polyhedral epithelium. 

( Connective tissue. 
1 AnviL 






4. Ossicles or^ 
ear bones. 


2. Malleus. 

3. Stapes. 

]. Framework. 


{ Mallet. 

Stirrup. 

1 1. Bone. 
1 2. Cartilage. 






5. Eustachian^ 
tube. 




1 ris„„^«4» J 1. Connective tissue. 
1. Tympanic -| g. ciliated epithelium. 






2. Mucous membrane. ^ 


o T«*irn«».i J 1- Connective tissue. 
2. lAryngeaL ^ g. Colnmnar epithelium. 






ft -Rft**^ r^T* J 1- Connective tissue 
8. Bony part, -j g. Cubical epithelium. 
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SENSORY SYSTEM,— Cbntinued, 



Organ. ' Divisions. ■ Description, i Divisions. 



Inter- 
nal ear. 



Outside bony 
1. Bony . wall of the 
labyrinth.) whole inter- 
nal ear. ' 



2. Perilym- 
pbatic" 
spaeo. 



1. Cochlea. - 



Space betwe^i 
bony laby- 
rinth and 
membranousi 
labyrinth 
filled with 
liquid. 



3. Tmbeca- 
1«. 



Prolongations 
from the 
periosteam 
of the outer 
bony wall ex- 
tending be- 
tween that 
wall and the 
central mem- 
branoiutabe. 



Veati- 
biile. 



SUBDIVISIOKS AND STRUCTURE. 



1. A tapering bone tabe wound spirally around an axis or modiolus. 



1 



I Central, snialL triangular canal ' 1. Tunic of white fibrous 
2. Ductus coch- I attached by rase to the outer | tissue, 
learis or scala-J wall of bone tube and by the^ 2. Pavement epithelium, 
media. | opposite border to the qpiral a. Cubical epithelium 

lamina. | partly. 



3. Scala vestib- J Superior division of perilym- J 1. Periosteum as a base. 
ulL ) phatic space. ] 2. Endothelium. 

4. Scala t y m- J Inferior division of perilym- J 1. Periosteum as a base, 
pani. ] phatic space. ] 2. Endothelium. 



5. Membrane 
of Beissner 



] phatic space. 
^ ^ J One side of ductus cochlearis. 



1 1. Endothelium. 
•{ 2. Connective tissue base. 
I 3w Polyhedral epithelium. 



6. Basilar mem- I The other side of the ductus 



brane. 



■i 



codilearia. 



1. Cells of Deiter. 

2. Cells of Hensen. 

3. Cells of Oaudiua. 



7. Crista basi- 
laris. 

8. Stria vascu- 
laris. 

9. Ductus coch- I 
learis. ^ 



J Bidge to which basilar mem- I Tn.t«v^«^ t^^.^^»^ 
1 bSme is attached. i Thickened periosteum, 

< A richly vascular structure. 



1. Limbua. 

2. Basilar membrane. 



J Epithelium on both sides of 
I Dlood vessels. 

J 1. Thick periosteum. 
I 2. Neuro-epithelium. 



10. Organ of 
Corti. ^ 



1. Zona tecta 
or inner 
zone. 

2. Zona pecti- 
nati or outer 
zone. 



1. Epithelial! ^??«^*^«li* 
»,Kh«L i Joined hke^ 



1 



rafters. 



Neuro-epithe- 
lium. I 



2. Tunnels] Space beneath! Filled with 
of Corti. I the rafters. ) s^ni-fluid. 



& POlara. 



1. Inner — 
short. 



J 5,600 in num- 
I her. 

I 2. Outer— 13,850 in num- 
I long. 1 her. 



11. Hair cells 
within the 
arches of" 
CortL 



12. Cells of Dei- 
ter. 



1. Inner. 



2. Outer. 



Columnar bodies with oval nuclei and granular 
protoplasm firom the outer ends of which project 
20 hairs. 

I 

Three or four rows of columnar cells, with ex- ' 
panded, rounded ends &om which project 20 hairs. 



1. Anterior 
saccule. 



2. Ductus endo- 



1. Epithelium ending in end plates and resting upon basilar 
membrane. 

2. Long, columnar cells with spherical nuclei and pyramidal 
ending. 

1. White fibrous tiartie. 

2. Polyhedral epitheUnm except over the maculse cribosse and 
acusticse. 

3. Macula cribosa. J Regions receiving ends of auditory 

4. Macula acustica. i nerve. 

5. Sustentacular cells— pigmented. 

6. Hair J Columnar, pigmented cells with spherical nuclei and 
cells. I a sini^e hair projecting from the free ends. 



lymphaticus. *{ ^ ^"^ between the saccule and utricle. 



3. Posterior J 
utride. I 



4. Otolith mem- 
brane. 



\ 



Laiger than the saccule— same in stracture. Has the five 
openings of three s^nicircular canals. 

Membrane of otoliths, ear stones or crystalline bodies em- 
bedded in a soft gelatinous substance covering the free sur- 
t»ce of the neuro^pithelium of the saccule and utricle. 
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BESBOEY SYSTESL—amOBUHL 



X Polrhednl epillullDm. 
IMhled puts I 



J L Bruicbea iwinmimlcatlDg Wan 
•i bony Umlni. 
1 1. Badlulng bondlei extending to 



J -wUh the t^al cuul of 
le ptaro-tpilbflinm. 



of the one coated tabes is built up with the models it does not seem to 
resemble the pictures of the text books or of the microscope. It is only 
necessary, however, to isolate one tube of the microscopic picture for 
comparative study. In fig. 40, of Plates XVII and XX, the blood 
capillary is represented longitudinally and not in cross section for the 
reason that a simple pavement epithelium or endothelial cell in cross sec- 
tion is not recognizable on account of its extreme thinness. The one 
layer and one coated tubes, with few exceptions, do not have a motor 
apparatus because none is required. In the secreting organs they con- 




PtATE XXV. 
OHi.OoATni Tube. Non-motoe. MEMimaHocs Labybikth c 



Iktebsal Ear. 




pi^TE xxvr. 



DiiQBAu Showing KiuNur Tcbb At 
(Numbers a 



I THE CIBOTJIJ.TI0N. 




PLATE SXVII. 

] Tdbeb^Mbmok and Small Baowciii—MuBouLAB-CnjABT Motob. Two- 
OATED TncES Labykx, Tbachka, Lahqe Bbokchi — 'CiLiABT Motob. 

RESPIBATOBY SY8TKM, 



80 ± CONSTRUCTIVE METHOD IN BI8T0W0Y. 

stitute the manufactories of the body secretions and excretions which do 
not need a moving apparatus until the products are formed and forced 
away from their sources by the force of accumulation. (See Plate XX, 
figs. 19 and 50, and ease outlines of one coated tubes ; also Plates XXIV", 
XXV and XXVI.) 




PLATE XXVni. 

Two TwO-COiTED ClLIABV MOTOB TuBES W ONE, SUOWINO CoiTS I 

TO Both. (Numbers are model numbers.) 



» JjAyebb Couuon 



Two Coated Tubes, Ciliary-Motor (see Plates XXVII and XXVIII). 
—A two coated tube is formed by adding to a one coated tube "C" 
shaped rings of hyaline cartilage which are enclosed in the outside con- 
nective tissue coat, which has also secreting glands. To this class of 
tube belong the trachea and large bronchi. 

The characteristic difference between this tube and the one coated 
tube is in the presence of the cartilage rings {see Plate XXVIII). The 
essential requirements of this class of tubes are two ; that they constantly 
be kept open and that their very small liquid contents he moved towards 
the upper end. The first requirement is met by the cartilage rings, the 
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second by cilia. A muscular coat is unnecessary. Between the ends of 
tiie rings a very little smooth muscle is fomid, arranged in longitudinal 
and transverse layers. This muscle, however, evidently takes no part in 
the propulsion of the contents. The two coatfid tubes are therefore 
ciliary-motor. (See Plate XX, figs. 52, 73, 19 and 36, and case outline 
of two coated tubes.) 

Three Coated Tubes, Muscvlar-Motor and Muscular-CUiartf-Motor 
(see Plates XXVII, XSIX, XXX, XXXI, XXXH-mac, XXXTTT, 
XXXIV— mic.).— These tubes are mostly large and visible to the naked 




PLATE XXIX. 

I Tubes. Vagina — Musculab Motor. Faijapian Tubes a 

MOSCrLAE-ClLIAEY MOTOB. 

Female Genital System. 



eye. They may be formed from a two coated tube by taking out its 
cartilage rings and adding one, two or three layers of smooth muscle in 
the form of a coat. The two coated tubes are the only ones the diameters 
of which must of necessity remain imchanged and hence the only tubes 
having cartilage rings. They may be looked upon as unique tubes pro- 
vided with one variety of connective tissue for the special purposes of 
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one location and the cartilage rings can be removed without essentially 
changing the character of tube formation. It is thought best to separate 
the trachea and large bronchi which are outside the lungs from the 
medium and small bronchi which are inside the lungs, because structur- 
ally and functionally they differ so widely from each other. The trachea 
and large bronchi are simply open tubes for the free income and outgo 
of air, their constantly open character being the essential one ; while the 
medium and small bronchi are open tubes kept open by over-lapping 
cartilage plates, and subject to changes in diameter according to the res- 
piratory requirements. The volume of air in the trachea and large 
bronchi must always remain about the same, while in the medium and 
small bronchi it must be subject to control according to variations in the 
oxygen income. Therefore, the trachea and large bronchi are open carti- 
lage tubes incapable of changing their diameters by means of a muscular 
coat, while the medium and small bronchi are open cartilage tubes capa- 
ble of changing their diameters by means of a muscular coat. 
The organs which belong to the three coated tubes are : 

Medium and small bronchi. Fallopian tubes. 

Arteries, Uterus, 

Veins, Vagina, 

Large lymphatics, Vasa-efferentia of testicles. 

Large ducts, Epididymis, 

Gall bladder. Vas deferens. 

Seminal vesicles, 

Ureters, 

Urinary bladder. 

Urethra. 

These tubes are muscular-motor and muscular-ciliary-motor. They 
are adapted to a progressive or intermittent motion of their contents and 
hence some have muscle, others cilia and muscle. The muscular coat 
may have one, two or three layers. The uterus, vas deferens, lower 
ureters and bladder have three layers. The Fallopian tubes, vagina, 
epididymis, seminal vesicles, upper ureters and large ducts have two 
layers. The arteries and veins have one layer. 




PLATK XXX. 

DlAGBAU OF THE CtBCT.'LAT10N. 

TJivee-coated tiibes — Muscular motor. Onp-layer tubes — Capillariea non-motor. 
Bed muaeulnr motor tubes — Alternating layerB of elastic tissue und Hinooth muscle — Lalg 
blood vessel a. 
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In the bladder a hydrostatic pressure is exerted in all directions and 
hence it requires a muscular coat acting in all directions. 




PLATE XXXI. 
Thbee-goated Tubes — Musculab-motob. Pelvib of KiDHBX-tTRCiEB-BTADDEK. 

The larger blood vessels do not have the definite coat, but have smooth 
muscle and elastic tissue intermixed. 

The Fallopian tubes, uterus, epididymis, first part of the vas defer- 
ens, medium and sraall bronchi have both muscle and cilia, hence are 
provided with two sets of motor apparatus. The presence of a muscular 
coat in the walls of tubes shows that their contents may be lai^e and 
continually or intermittently in motion and that considerable force may 
be required to move them. The presence of cilia in the walls of tubes 
shows that their contents may be very small and continually in motion 



Tunica Allu$itiaa 




*'^-*/noTvT 



PJ^TE XXXU. 



Thbee-coated Tubes. MuacLTLAH-cn.iABY-MOTOB. 
pididfmis, globus major, globus miDor and Iirst part of vas deferens. Muscular-motor, 
Second part of vaa deferens. Vasa efTerentia liavs altcniatiiig patcbea of muscular-cUiary 
and muscular-motor Btniclures. One-eoated tubes — ■Non-motor, tubiili scminiferi. 




PLATE XXXIII. 

Twelve Three-coated Mitscdlab Motob TintEs in ohe, Showibq Coats and Latebs Comuoh 
TO THEM ALL. (NumbeiB are model numbers.) 
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and that very little force is required to move them. The presence of 
both muscle and cilia shows that the contents may be large and moved 
with difficulty or small and easily moved. The circulatory tubes differ 




PLATE XXXIV. 



Sever Thbee-ci 



from other tubes in this respect; that their contents are propelled by a 
force from behind and hence a distinct muscular coat is unnecessary. 

The epithelium varies in kind according to the location of the tube, 
nearly all varieties being found. In one instance, the medium bronchi. 
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SENSOBY SYSTEiL— Continued, 



OBOAir. 



2. Eye 
ball, i 



DnrisiOMS 



L Ck>mea. 



Dbscbiption. 



The anterior 
transparent, 
one-sixth part 
of the eye Sail. 



SUBDIVISIOSS. 



1. Anterior epithe- 
lium. "^ 



Stbucturb. 



Stratified payement epithelium. 



2. Anterior limiting I 
membrane, mem-<< A highly developed basement membrane, 
brane of Bowman. | 



8. Substantia 
pria. 



•] 



, Parallel lamellse of interlacing bundles of fibrous tis- 
P'^ J sue united by cement. Branched oonnectiye tis- 
sue cells and wandering cells. 



4. Posterior limit- 
ing membrane,^ 
membrane of Des- 
cemet. 



1. A dear homogeneous basement membrane. 

2. Endothelium. 



^* H.!l!i*®'^®' epithe-J ^ gi^gi^ i^y^, ^f polyhedral epithelial cells. 



2. Sclera. 



Lamina 
fusca. 



8. Lamina 
supra- 
choroidea. 



The posterior 
opaaue fiye-^ 
slxtlis part of 
theeyeoall. 



The rough, 
brown, inner 
surface of the' 
sclera. 

A thin mem- 
brane loosely 
united to the" 
lamina fhsca 
and choroid. 



Hum. 

1. Cells. 

2. Base. 
8. Cells. 

1. Base. 

2. Cells. 

1. Base. 
£. Cells. 



1 



•{LA single layer of fiattened epithelial cells. 
2. luterlacin 



-I 



meridionally 



bundles of fibrous tissue extending 
and equatorially. 



•^ 8. Single layer of flattened epithelial cells. 

•{ 1. A pigmented connectiye tissue. 
•{ 2. Endothelium. 

J Imperfect lamellse of a fibro-elastie ground work 
I Joining at various angles. 



•{ Irregular groups of endothelial cells. 
L Outer layer, 



4. Choroid. - 



A dark brown 
membrane be- 
tween the' 
sclera and 
retina. 



1. Stroma layer. 



r. J 2! 
I 3. 



1. Branched pigmented cells. 
"" Connective tjssue lamellae. 



Large blood vessels. 



I Unpigmented wavy bundles of 

2. Inner layer. < connective tissue giving a metal- 

I lie reflex called tapetum fibrosum. 

I A narrow xone of homogeneous matrix in which is 
2. Chorio-capiIlaris.-< embedded a capillary network from short ciliary 

I arteries. 

8. Vitreous lamina. J ^'^'J*'' ^^omwneous layer supporting the retinal 



5. Ciliary 
body. 



The part be- 
tween the end 
of the chorio- 
capillaris op- 
posite the ora" 
serrata behind 
and the outer 
margin of the 
iris in front 



1. aiiary 
orbicularis 



aris. 



»r| 1. 

Hi: 



ring or 1 1. White fibrous tissue, 
cili-^ 2. Yellow elastic tissue. 

Smooth muscle prolonged from the ciliary muscle. 



seventy 
ber. 



9 Pillow 1 1. Outer row of low pigmented epithelium. 

MvSw^iT^U 2- Middle connective tissue layer. 

seventy in num-^ 3 Smooth muscle arranged meridionally, radially 

and circularly. 
1. Smooth muscle arranged meridionally, radially 
8. Ciliary musde. -j 2. Connective tissue interlacing with the smooth 



muscle. 



^r^ii^^r^^"^^— 



i..<L. ' - I-.. 
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SENSORY SYSTEM.— Qm«nM«d. 



Obgak. 



6. Iris 

of the 

eye. 



Dbscbiption. 



The contrao- 
tile colored 
membrane 
behind the. 
cornea g ly- 
ing the tint 
to the eye. 



Divisions. 



1. Anterior 
endothelium. 



2. Anterior 
boundary^ 
layer. 



8. VascularJ 
stroma layer. ) 



4. Posterior 
boundary^ 
layer. 



5. Pigmented 
layer. 



6. Papil. 



Dbscbiption. 



Extension of 
the corneal 
cells free from 
pigment. 

Modification of 
the first strsr^ 
tum of the^ 
iris stroma. 



SUBDIYISIOMS. 



Chief mass of^ 
the iris. 



1. Cells. 

2. Base. 

1. Cells. 

2. Base. 

1. Stroma. 

2. Musde. 

3. Nerves. 



Stbuctube. 



Glassy layer 
stretching oyer 
the posterior-, 
surface of the 
stroma. 



A layer coyer* 
ing the entire 
pupillary mar* 

S'n ending as a 
ickened free- 
edge in ad- 
vance of the 
{(lane of the 
ris. 



I Aperture in the 
-l center of the' 
I iris. 



7. Color 
Iris. 



of 



The color of the 
eye depends 
upon the 
amount and" 
kind of pig- 
ment in the 
iris. 



Single layer of polygonal, nucleated, 
epithelial cells. 



•{ Cement. 



\ Leucocytes. 
-{ Beticular tissue. 



-! 



Betiform tissue reinforced by blood 
vessels. 



\ Smooth. 

J Medullated in the superficial part, non- 
1 medullated networks within. 



The arteries spring from the circulus 
arteriosus indis major, para radially 

4. Blood vessels. •{ toward the center of the iris near 

which theyCforin a second ring called 
the circulus arteriosus iridis minor. 

5. Sphincter] Smooth muscle surrounding the margin 
pupills. I of the pupil. 

6. Dihitor pupil- 1 Q^^^ j^^j^ j^^y arranged. 



Besembling a 
b asementS 
membrane. 



1. Anterior part^ 



Thou^ structureless, it closely resem- 
bles elastic tissue in character. 



Spindle cells radially arranged, extend- 
ing firom the ciliary border of the 
iris to the margin of the pupil. At 
the ciliary bomer the cells change 
their form to polyhedral and are con- 
tinuous with the low pigment cells 
composing the corresponcung layer of 
the ciliary processes. 



A thick zone of pigment cdls so densely 
packed that their boundaries and 
2.Po8terior n"«lel «» very indifitinct, the whole 
nart. -< resembkng one continuous mass of 

pigment A delicate membrane— the 
monbrana limitans iridis— covers the 
posterior surfkoe. 



Circular in 
form, a little 
to the inner 
side of the 
center of the 
iris. 

1. Blue eyes. \ Stroma free firom pigment 
^eyS** *'*^"{ Pigment In small amount 

3. Brown eyes. \ Pigment in large amount 

4. Black eyes. •{ Pigment in very large amount 

5. Albino eyes. -{ No^gment even in retinal part of tlie 
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SENSORY SYSTEM.— amttntt«d. 



Organ, 



Description. 



7. Retina of 
the eye. 



A delicate mem- 
brane containing 
the expanded ter- 
mination of the 
optic nerve. It is 
within the cho- 
roid, rests on the 
hyaline mem- 
brane of the yitre- • 
ous humor, ex- 
tends forward to 
the outer edge of 
the ciliary proc- 
esses of tne cho- 
roid where it ends 
in a border called 
the ora serrata. 



Divisions from 
Within Outward. 



Description and Structure. 



i>.<if.i AVvo^o «^ Ttrnii«- J Long neuroglia fibers extending throughout the en- 
Radial fibers of MQller.^ ^^ thickness of the retina. 



1. Internal 
membrane, 



limit ingj 
1 



2. Layer of nerye 
fibers. 



■i 



Expanded inner ends of the radial fibers of Mfiller 
forming the inner boundary of the retina next to 
the yitreous humor. 

Axis cylinders of the optic nerye fibers which extend 
as far forward as the ora serrata. 



8. Layer of nerye cells. •{ A single low of multipolar large nerye cells. 



4. Inner molecular 
layer. 



5. Inner nuclear layer, s 

■! 



6. Outer molecular 
layer. 



7. Outer nuclear layer. | 

8. External limit i n g J 
membrane. \ 



9. Layer of rods. 



Reticular tissue of the neuroglia, branches of nerye 
cells and a few flattened cells. 

An inner layer of small multipolar nerye cells and an 
outer layer of small bipolar nerye cells. 

Reticular tissue of neuroglia and branches of nerye 
cells. 

Rod granules and cone granules according to their con- 
nection with the rods or cones. 

Structureless membrane formed by the expansion of 
the outer branched ends of the fibers of Mfiller. 

1. Outer J A series of transverse disks which are 
segment. | the seat of the visual purple. 



2. Inner 
segment. 



1. Rod J Protoplasmic bodies of the 
fibers. ] visual cells. 

2. Rod J Seat of the nuclei of the 
granules. ] visual cells. 



10. Layer of cones. 



1. Inner . 
segment. 



2. Outer 



1. Cone 
fibers. 



\ 



Like rod fibers except that 
they are broader and 
more regular in form. 



'•^ule..i ""•»"• «^«~'°'"- 



11. Pigment layer. 



s^ment. ] ^ ^"^ of transverse disks. 

A single layer of hexagonal epithelium. The outer 
surrace of each cell contains the nucleus. The inner 
boundary is not well marked for the substance of 
the cell is here loaded with black pigment and pro- 
longed into fine straight filamentous processes 
whuih extend a certain distance between and among 
the outer segments of the rods and cones. 
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SENSORY SYSTEM.— a)»«»K«rf. EYE. 



Divisions of the | 
Bbtina and Othkb I 
Parts of the Eye. i 



Description. 



i. Macula lutea. 



2. FoYea centralis. -• 



Divisions. 



An elliptical yellow 
spot situated in 
the axis of the' 
eye ball. 

A slightly hollow 
place in the center^ 
of the macula 
lutea. 



1. Border. 

2. Center. 



Struotdbb. 



-{ Yellow pigment, retinal layers. 
■^ See fovea centralis. 



-I 



1. Layers of retina except the rods. 

2. Black pigment layer. 



The anterior border 

of the retina sit- 

8. Ora serrata. A uated lust behind- 

the ciliary proces- 



1. End of the 
optical retina. 

2. Serrated edge. 
8. End of the 

two reticula 
strata. "^ 

4. Unusual de- 
velopment of 
radial fibers 
of MQller. 



1. Pars dliaris. { Outer layer. 



2. Pan iridica. •< Inner layer. 



1 

J Simple columnar 



Extension of the 
retinal pigment ; 
only. 



eptilcdium. 



4. Optic nerve. 



5. Crystalline lens. -< 



The cerebral nerve 
which enters the 
eye ball % of an^ 
inch to the inside 
of the axis. 



A double, convei^ 
transparent^ solid 
body with tne an- 
terior surface in 
coYitact with the" 
iris and posterior 
surfeuse with the 
vitreous body. 



1. Connec 
tissue sheath. 



tiveji- 
jath.^! 



1. Dura mater. 
Arachnoid. 
Pia mater. 



2. Trunk. .{ Bundles of medullated nerve fibers without neurilemma. 

^ senta!^ r o u s ^ Connective tissue divisions between the nerve fibers. 



i 



1. Le 
stance. 



ns sub-J 
ice. ] 



1. Lens fibers. i Greatly elongated epithelial cells. 

2. Lens epithelium. •{ Single layer of polyhedral cells. 
2. Lens capsule. -{ A strong, dear elastic membrane enclosing the lens. 



A watery lymph 

which fills the 

6. Aqueous humor. -{ aqueous chamber 

between the lens 
and cornea. 



7. Vitreous humor. « 



A spherical gelatin- 
ous body filling 
four-fifths of the 
eye ball and ex-" 
tending from the 
retina behind to 
the lens in front. 



8. Eyelids. 



Two movable por- 
tions of* integu- 
ment covering the' 
eyebalL 



1. Hyaloid 
membrane. 



2. Patellar foesa.4 

3. Vitreous sub- 
stance. " 

4. Central canaL-{ 

1. Skin. •{ 

2. Musde. -{ 

3. Connective) 
tissue. ^ 

4. Tarsal plate. J 
ff. Coi^unotiva. 4 



J Glassy, stmcturdess membrane around the outside. 



Space in front where hyaloid membrane is absent and 
anterior surface touches posterior capsule. 

1. Fibers. -{ Connective tissue fibers of great delicacy. 

2. Cells. -{ A few leucocytes. 

A canal extending firom the optic papilla to lens capsule. 
Like integument elsewhere. 
Orbicularis palpebrarum. 

1. Tendon of the levator palpebne. 

2. Fascia palpebralis containing smooth musde. 

1. Semilunar plate of dense fibrous tissue. 

2. Meibomian glands. 

1. Epithelium, stratified pavement. 

2. Tunica propria of connective tissue. 




KiAHT Pasts or thb Foini-«(UTU> • 

Duflftui RnvUKfTHw «BB Snccrmu. Rescmbuuicbb aicd Dnmu^cn of thm Eisbt 

DmuoKa or tbb Auvc^itabt Fom-nkATCD Tcbe. 

KxamiiMtion oi it (Irain Uuit: I. A cooDrctire U^ue is conimoD to tbem all. 2. The 

muwnUr «vnt has tvrv kt^n, «xe^ (u>dia« slaaMch vfaicfa has thre«. 3. The upper 

b»)>Im)XU* i>«ljr haa »lTtt<«<il nMMcfo. 4. Tbe anbepiUwlutl nwt contains secretory glands i 



lvrt> )«Im"i«, vit., wMi|4Mfu« mmI JiioAcaWM. & Th* bhucuIbtls muraec is cootinuoiiB. 6. The 
it|41lM>lttHH nt WMphAipu la atnttllkd Mnmnt. 7. Tlie epithelium of cardiac stomach — com- 
IHttin^ tuhuUr gluHfa vHk A)H Mcfc^ iomg bodiM lined bv chief and parietal cells. 8. 
l>Kwk alwttiwk— *wnpnw»d HAwhw ftawK hag awto. short bodies, chief cells. 9. Duodenum 



--^«iyiiti mHI villi. 10. SsMkll t«t««tia«— «T7pU Mtd villi. U. Large intestine — crTpta. 
VmhJImwi hw**'""— '?'"P''*** *'***• "^ '^ ' '^'~ 



cnplete HTpU. 



!. 

a 
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Four Coated Titles, Muscular Motor (see Plate XXXV, mac, 
XXXVI, mic.).-— These tubes may be formed from three coated tubes by 
adding to the under side of their epithelial coats one or two very thin 
layers of smooth muscle called the Muscularis Mucosae. The alimen- 
tary canal is the only tube of this class. This is the most complex tube, 
for the reason that it has the greatest number of coats and hence the 
greatest number of functions. The coats are : connective tissue, muscu- 
lar, sub-epithelial and epithelial. As any one or more of these coats 
answers the same purpose in any tube in which it occurs, one description 
will answer for all. It is evident that these coats will have the same 
functions wherever they are found, that is, supporting, contracting, 
uniting and secreting. 

1. Connective Tissue Coa<.— This is a thin layer of connective tissue 
which surrounds the tube, for the most part, from the lower end of the 
oesophagus to the rectum. This coat of the oesophagus consists of the 
connective tissue which supports the tube and may or may not be con- 
sidered as a distinct coat. By means of this coat, in any location, a tube 
is supported by attachments to the skeleton or to the other structures 
and provided with a blood and lymph circulation. The outside connec- 
tive tissue coats of all tubes having such a coat have the same function 
and hence can be represented by the same model. (See Plate XIII, figs. 
1, 73 and 20.) 

2. Muscular Coa^.— This is composed of two layers of muscle 
throughout the whole length of the alimentary canal except at the cardiac 
end of the stomach where there are three. In the upper half of the 
oesophagus the muscle is striped, in the lower half smooth. The alimen- 
tary canal is a motor tube because progressive motion of its contents in 
a certain direction is necessary. This can be accomplished only by a 
contractile tissue which must be arranged according to some definite plan. 
In the majority of motor tubes two layers of muscle are sufficient; an 
external longitudinal and an internal circular. In a very few three lay- 
ers are found. Of the two layers the external longitudinal by contrac- 
tion shortens the tube and stiffens it while the internal circular, by waves 
of contraction from above downward, propels the contents towards the 
lower end of the tube. In the cardiac stomach, the internal oblique layer 
of muscle is composed of a few radiating strands over the fundus, the 
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effect of which is not apparent. Layers of mnscle are joined by thin 
connective tissue which carries small blood vessels, lymphatics and plex- 
uses of nerves. In the pyloric stomach the Internal circular layer of 
mnscle is tbicliened to form the sphincter pylori. The character of the 1 
contents of a tube governs the amount of muscle which it contains. The J 
contents of the four coated tube are large. There is no force behind I 
them and, therefore, a well developed muscular coat is provided in order J 
to move the contents from one end of it to the other. The muscular 1 
coats of all tubes having more than one layer of muscle have the same I 
fimction because they have the same tissues arranged in the same maur j 
ner. This coat then, wherever it occurs, can be represented by general | 
models of various thicknesses indicating the layers. (See Plate XIV,! 
figs. 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13.) 

3. Sub-Epithelial Coat. — This coat is composed of areolar tissue I 
which joins the muscular and epithelial coats and provides them with i 
blood vessels, nerves and lymphatics. In two places, the oesophagus and 
duodenum, secreting glands are found. While this coat unites the epi- 
thelial and muscular coats, it allows freedom of motion of the former 
upon the latter on account of its areolar character. It is widest in the i 
stomach and here the epithelial coat is more freely movable than else- | 
where. It contains solitaiy glands, agrainated glands and secreting 
glands. As it is always composed of the same areolar tissue and has 
practically the same fimction, it may be represented by models of are- 
olar tissue containing the characteristic structures. (See Plate XCU, . 
figs. 14, 15, 16, 17 and 18.) 

4. Epithelial Coat. — This coat is also called mucous membrane or 
mucosa. The term epithelial coat is preferred because it suggests any 
secreting function rather than a mucous secreting function. It is made 
up of three parts : a muscularis mucosa;, which is external and composed 
of two very thin layers of smooth muscle— an external longitudinal and 
an internal circular ; a connective tissue base containing in some places 
diffuse masses of lymphoid tissue, in other places solitary glands and 
agminated glands, nerves, blood vessels and lymphatics; lastly, some 
form of epithelium such as stratified pavement in the oesophagus, tubular 
glands in the stomach, crypts of Lieberkiihn with many goblet cells in 
the large intestine, crypts of Lieberkiihn and villi in the small intestines, 
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NEBVOUS SYSTEM.— OmWnttcd. 



Organ. 



Division. 



1. Hippo- 
campus 
m^jor or 
cornu 

ammonis. 



Cerebrum 
continued. •{ 



2. Special 
masses of 

matter. 



Division. 



1. Internal 
white zone. 

2. Middle . 

gray zone. 
8. External 
white zone. 



Subdivision. 



1. AWeus. 



2. Stratum oriens. 



Dbscbiption. 



Ventricular s u r - 
face. 



Stbuctube. 



MedttUated 
fibers. 



nerve 



-I 



Fourth cortical 
layer. 



i 



3. Stratum cellularum pyra- J Third cortical^ 
midalium. i layer. ^ 



4. Stratum radiatum. 

5. Stratum lacunosum. 

6. Stratum moleculare. 



1. Spindle nerye cells. 

2. Nerve fibers. 

Large pyramidal nerve 
cells whose branches 
extend into the 
alveus. 

Branches of the pyram- 
idal cells. 



J Branches of third J 
I layer. | 

•{ Parallel to alveus. i Axis cylinders 

Vertical and lateral J 



] cdl branches. "] 



Small pyramidal gang- 
lion cells. 



7. Lamina medallarisj Outer corticalJj^ g,^ 
involuta. I layer. -| *iwtwiiutoo. 



4. Fascia j 1. Nerve fibers, 
dentata. "^ 2. Ganglion cells. 



layer. 

I Thickened edge of 

-l cortical layer of^ 

the oeiebrum. 



1. Within 

the white 

matter. 



1. Ck>rpus 
striatum. 



1. Nucleus J Intravent r i c a 1 a r 
caudatus. i portion. 



'ie'S?icu':''^ExtrayentricularJ 
laris. I PO'****'*- I 



2. Optic 
thalamus. 



I L Inner I 

J nucleus. J 

1 2. Outer 1 

I nucleus. • 



Two unequal divi- 
sions of nay mat-^ 
ter by white sep- 
tum. 



8. Corpus sub- J 1. Cells. J Brown stratum of J 
thalmicum. ] 2. Fibexs. 1 gray matter. | 



4. Corpora 
quadri' 
gemina. 



PJ™ J 1. Anterior.] 
nZ i^POBterior.^ 



Four bodies on the 
dorsal aspect of* 
the sylviuL duct. 



Medullated fibers. 

1. Pyramidal cells. 

2. Polymorphous cells. 
8. Fusiform cells. 

1. L a r ge I multipolar 
nerve cells. 

2. Small, ganglion cells 
8. Nerve fibers. 

1. Multipolar nerve 
cells. 

2. Medullated nerve 
fibers. 

1. Multipolar nerve 
cells. 

2. Medullated fibers. 

8. Ganglion cells alter- 
nating with medul- 
lated libers. 

Multipolar cells. 

Fine medollated fibers. 

1. Varioat shaped nerve 
cells. 

2. Medullated fibers. 
8. S m a 1 1 , multipolar 

cells. 
4. L a r g e, multipolar 
oellB. 



e. Along 
the floor of. 
third ven- 
tricle. 



1. Lamina cinerenm. 



2. Tuber cinerenm. 



8. Infundibulum. 



\ 



Between chiasm 
and the corpus 
calloeum. 

Part of the floor of 
the third ven- 
tricle. 

Hollow conical 
process of the 
tuber cinerenm. 



4. Corpora albicantla of pos- J Two gray nuclei 
terior perforated space- i within white fibers. 



1. Ganslion nerve cells 

2. Spedid bundles of 
nerve fibers. 
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lows that connective tissue will be essential to the composition of them 
all. Outside coats, sub-epithelial coats, epithelial bases and intermuscu- 
lar layers, which together form the framework, are all composed of this 
tissue and occupy the same relative situations in the walls of tubes. 
This fact facilitates their construction. 

2. All tubes of more complex structure than the one coated, and even 
a few of these, must have some form of motor apparatus because their 
contents must, of necessity, be moved and they cannot be moved without 
a motor power. The motor apparatus is composed of the contractile 
tissues— muscle and ciliated cells. These will vary in distribution ac- 
cording to the work to be done. The ciliated cells are found in the lining 
while muscle forms the surrounding layers and coats. All large tubes 
have such an apparatus and hence their construction is further simplified. 
3. Each tube must have a form of tissue which is capable of rear- 
ranging chemical elements and thereby producing such chemical products 
as secretions, excretions and the complex variety of chemical bodies 
which account for vital phenomena. This most complex form of all cell 
actions is provided by some form of epithelium. There are, perhaps, no 
cells in the body having a greater range of capacity than epithelial cells. 
The life and continuation of the living body are possible only because 
these cells stand between the insoluble foods of its environment and the 
body cells, in the capacity of chemical transformers by the action of 
which chemical comj)ounds are made soluble, dialyzable and reconstruc- 
tive and their chemical elements are qualified to succeed their predeces- 
sors in the important role of protoplasmic constituents. We know, 
therefore, that all tubes will have epithelium. In cross sections of tubes 
the nervous system does not appear to any appreciable degree ; hence we 
see that connective tissue, muscle and epithelium are the three visible 
tissues which will enter into the formation of tubes in proportion to their 
requirements. The plan according to which they are arranged will nat- 
urally be the same in all, that is, muscle and epithelium enclosed in a 
framework of connective tissue or resting upon it as a foundation. Prac- 
tically, then, in tube formations we are dealing with three tissues as far 
as the microscope is concerned— connective tissue, muscle and epithelium. 
This may be understood from the following outline : 
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OUTLINE OF THE THREE TISSUES SEEN IN TUBE 8TRUCTUBES. 


One Later Tube. Non-motob. 


Organs. 


Epithelium. 


Muscle. 


CONNBOTIYB TISSUE. 


Capillaries. 


Simple payement. 






One Coated Tubes. Nov-motob. 


Organs. 


Epithelium. 


Muscle. 


Connective Tissue. 


Tubuli uriniferi. 
Tubuli seminiferi. 
Crypts of Lieberkiihn. 
Serous membranes. 
Graafian follicle. 
Very small ducts. 
Acini of secreting glands. 
Vestibule, utriculus. 
Sacculus of ear. 
Semi-circular canals. 

Cochlea. 

Olfactory nasal mucosa. 

Skin. 

Hair follicle. 
Lacrimal sac 

Nasal duct. 


Simple rodded, cubical. 

Stratified embryonic. 

Simple columnar. 

Simple payement 

Stratified embryonic 

Simple cubical. 

Simple polygonal. 

Simple cubical, hair cells. 

Sustentaeular cells. 

Simple cubical, hair cells, sus- 
tentaeular cells. 

Endothelium, pillar cells, sus- 
tentaeular cells. 

Olfactory cells and sustentaeu- 
lar cells. 

Stratified payement. 

Stratified payement. 
Simple pseudo-stratified col- 
umnar. 
Stratified payement 




Basement membrane. 
Basement membrane. 
Basement membrane. 
Fibrous tissue in layen. 
Connectiye tissue. 
Basement membrane. 
Basement membrane. 

Dense connectiye tissae. 
Connectiye tissue. 

Connectiye tissue. 

Connectiye tissue. 

Connectiye tissue with 

glands. 
Connectiye tissue. 
Connectiye tissue with 

glands. 
Connectiye tissue with 

glands. 


One Coated Tube. Ciliary-motor. 


Organs. 


Epithelium. 


Muscle. 


Connective Tissue. 


Nasal duct. 
Tympanum of ear. 
Eustachian tube. 
Respiratory nasal mucosa. 


Stratified ciliated. 

Simple pseudo-stratified cili- 
ated. 

Simple pseudo-stratified cili- 
ated and stratified ciliated. 

Stratified ciliated. 




Connectiye tissue with 

glands. 
Connectiye tissue. 

Connectiye tissue. 

Connectiye tissue. 


Two Coated Tubes. Ciliary-motor. 


Organs. 


Epithelium. 


Muscle. 


CoNNEcnvB Tissue. 


Trachea and large bronchi. 


Stratified ciliated. 




Connectiye tissue with 
C-shaped rings of hya- 
line cartilage and secret- 
ing glands. 
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OUTLINE OF THE THBEE TISSUES SEEN IN TUBE STBUCTUBES.— Cbn/t»««f. 



Thbeb Ck>ATED Tubes. Musculab-motor. 



Obgavs. 



Vagina. 
Upper uxeter. 
Lower ureter. 
Urinary bladder. 
GaU bladder. 
Small artery. 
Small vein. 
Large duct 
Seminal y^des. 

Corpus spongiosum. 
Yas deferens. 



Epithslium. 



Stratifled pavement. 
Stratified transitionaL 
Stratified transitionaL 
Stratified transitionaL 
Simple columnar. 
Simple pavement. 
Simple pavement. 
Simple columnar. 
Simple pseudo-fitratified colum- 
nar. 
Stratified columnar. 
Stratified columnar. 



MuacLK. 



Two layers, smooth. 
Two layers, smooth. 
Three layers, smooth. 
Three layers, smooth. 
Two layers, smooth. 
One layer, smooth. 
One layer, smooth. 
Two layers, smooth. 
Two layers, smooth. 

One layer, smooth. 
Three layers, smooth. 



Ck>inrBcnvK Tissue. 



Connective 
Connective 
Connective 
Connective 
Connective 
Connective 
Connective 
Connective 
Connective 



tissue, 
tissue, 
tissue, 
tissue, 
tissue, 
tissue, 
tissue, 
tissue, 
tissue. 



Connective tissue. 
Connective tissue. 



Three Coated Tubes. Musculab-ciliabt Motor. 



Oboaks. 



Fallopian tubes. 

Uterus. 

Epididymis. 

Medium and small bronchi. 

Yas deferens. 



Epithelium. 



Simple ciliated. 
Simple ciliated. 
Stratified ciliated. 
Stratified ciliated. 

Stratified dUated. 



Muscle. 



Two layers, smooth. 
Three layers, smooth. 
Two layers, smooth. 
One layer, smooth. 

Three layers, smooth. 



CoNNEcnvE Tissue. 



Connective tissue. 
Connective tissue. 
Connective tissue. 
Connective tissue, glands, 

cartilage. 
Connective tissue. 



FouB Coated Tubes. Musculab-motob. 



Oboans. 



Upper oesophagus. 

Lower oesophagus. 
Cardiac stomach. 
Pyloric stomach. 
Duodenum. 
Jejunum. Ileum. 
Large intestine. 
Yermiform appendix. 



Epithelium. 



Stratified pavement. 

Stratified pavement. 
Simple columnar. 
Simple columnar. 
Simple columnar. 
Simple columnar. 
Simple columnar. 
Simple columnar. 



Muscle ik Musculab 
Coat. 



Two layers, stratified 

voluntary. 
Two layers, smooth. 
Three layers, smooth. 
Two layers, smooth. 
Two layers, smooth. 
Two layers, smooth. 
Two layers, smooth. 
Two layers, smooth. 



Muscle is Epithelial 
Coat. 



One layer, smooth. 

One layer, smooth. 
Two layera, smoofli. 
Two layers, smooth. 
Two layers, smooth. 
Two layers, smooth. 
Two layers, smooth. 
One incomplete layer. 



CONNECnYB 

Tissue. 



Connective tissue. 

Connective tissue. 
Connective tissue. 
Connective tissue. 
Connective tissue. 
Connective tissue. 
Oonnective tissue. 
Connective tissue. 
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THE FIVE CIRCULATIONS. 



1. Systemic. 
See Plate 
XXXVIa. 



1. Blood. • 



2. Pulmon* 

anr. 
See Plate 
XXXVII. 



3. Portal. 

See Plate 

XXXVIII. 



4. Renal. 
See Plate 
XXXIX. 



Aorta. 



Arteries. 

Capillaries. -l Venn Cavse. 

Veons. 



Right auricle. 
Right ventricle. 
J Pulmonary artery. 
Pulmonary veins. 
Left auricle. 
Left ventricle. 



Aorta. 



Respiratory. 



Riffht ventricle. 
Pulmonary arterv. 
Pulmonary capillaries. 
Pulmonarv veini. 
Left auricle. 
Left ventricle. 



NUTBITIVE. 



Bronchial artery. 



Bronchial veins. 
Pulmonary veins. 



Veins which Fobm 
THE Portal. 



Functional. 



1. Gastrie. 

2. Splenic 

3. Superior m e s e n - . PortaL 

4. Inferior m e s e n - 
teric 



1. Interlobular veins. 

2. Capillaiies. 

3. Interlobular veins. 

4. Sublobular veins. 

5. Hepatic veins. 

6. Inierior vena cava. 



Nutritive. 



Hepatic 
artery. 



Hepatic 
veins. 



Functional. 



Long. 



1. Incomplete arch. 

2. Interlobular artery. 

3. Vasa aflferentia. 

4. Majpighian tuft. 
6. Vasa efferentia. 

6. Venous plexus. 

7. Interlobular vein. 

8. Venous arch. 

9. Renal vein. 

10. Inferior vena cava. 



Pressure Reducing. 



Short 



1. Renal artery. 

2. Incomplete arch. 
8. Arteria recta. 

4. Capillaries. 

5. VensB rectse. 

6. Venous arch. 

7. Renal vein. 

8. Inferior vena cava. 



Sources. 



1. Lymph spaces. 

o T ^^^u J 2. Perivascular spaces. 
2.Lymph.-{ 3 ^^^^^ cavitiei 

4. Lacteals. 



Medium Vessels. 



1. Lymph capillaries. 

2. Lymph vessels. 



Large Trunks. 



Exits. 



Thoracic duct. 

Right lymphatic trunk. 



Left subclavian vein. 
Right subclavian vein. 



8 
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A. C07f8TRVCTlYE METHOD IN HI8T0L00Y, 



NERVOUS SYSTEM.— Omrtntted. 



Oboak. 



6. Spinal 
ooid, ' 



Divisions. 



1. Mem- 
branes. 



Subdivisions. 



1. Dnra mater. 

2. Arachnoid. 

8. Subarachnoid 
trabeculse. 

4. Ligamentam 
denuculatum. 

5. Pia mater. 



Descbiption. 



An external dense membrane separated from the walls of the 
bony canal by a space containing areolar tissue, fat and exten- 
sive plexuses of veins. 



Structube. 



^A thin, delicate memorane sej^arated irom tne pia mater by a 
space called the subarachnoid space containing the cerebro- 
spinal fluid. White fibrous tissue 

with very few 

J Partitions of the subarachnoid space by prolonged extensions -^ elastic fibers and 

1 £rom the arachnoid to the dura mater. i covered with 

J endothelium. 
I Narrow bands between the anterior and posterior nerve roots at- 
J tached by their inner edges to the pia mater and by their outer 
I denticulated edges to the dura mater. 

J A delicate, vascular membrane investing the cord and dipping 
I down into its fissures. 

ft Fiinm taiminaia J Piolongation of tho pia mater downward enclosing the central i and a few nerve 
6. Filum terminale. ^ canaf and a littie grfy matter at its upper end. 1 JS?. 



Divisions. 



1. Per- 
ipheral 
white 
matter. 



% Nervous 
matter. S 



FUBTHEB 

Divisions. 



1. FiBsnies. 



1 



2. Columns. 



8. Ck>mml8- J 
sure. I 



2. Oentral 

gray 
matter. 



Twosym- 

metnoal 

halves 

Joined to- . 

gether by a 

gray com- 

musure. 



Subdivisions. 



Location. 



Descbiption. 



1. Anterior. •{ Median. ■{ 

I 

2. Posterior. -{ Median. ^ 



1. Anterior, 



' \ 



2. Lateral. 



8. Posterior. 



White. 



Between 

anterior 

hoins. 



Between 
anterior 

and 

posterior 

horns. 



I Between 

'I posterior 

I horns. 

I Floor of the 



Short, wide and does 
not reach gray com- 
missure. 

Long, narrow and does 
reach gray commis- 
sure. 

1. Direct pyramidal 
tract. 

2. Anterior radicular 
zone. 

1. Ascending lateral 
tract 

2. Descending lateral 
tract 

8. Mixed lateral tract 

4. Crossed pyramidal 
tract 

5. Direct cerebellar 
tract 

1. Lateral (Burdach). 

2. Median (GoU). 



cells. 



1. Nerve fibers of 
varying sizes and 
neuroglia. 



1 



1. Anterior homa. 



anterior 
fissure. 

Wide and 
do not 

reach the 
surface 

except by 
roots. 



\ 

J Narrow, transverse J ., .. 
J band. ^ Nerve fibers. 



I Partuniting 

2.Graycommis- J^a^^^tr 
B"'®- central 

canal. 



1. Nerve cells. 

2. Nerve fibers. 



•{ Multipolar. 



1. MeduUated. 

2. Non-meduUated. 



^ 



8. Posterior horns. 



Narrow 
and con- 
tinue to 
the surface. 



o o v_A *» »^- J Modification of the 

8. Substantia spongiosa.-^ neuroglia. 

I Ground subst an c e 
4. Substantia gelatinosa.-; around central 

I canal. 



\ 
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NERVOUS SYSTEM— Ci[m/<»tt«<f. 



Organs 



I 



7. Pituitary 
body or hypo- «- 
physiB oereori. 



8. Pineal gland 
or epiphysis 
cerebri, the . 
remains of a 

primitive eye. 



9. Olfactory 
lobe. 



Divisions. 



1. Anterior 
oral lobe. 



Dbbcription. 



2. Posterior 
cerebral lobe. 



Larger, darker than the posterior. For 
some time remains connected with 
the oi*al cavity. Later its connection 
atrophies and disappears leaving the • 
anterior lobe separated from the bno- 
cal cavity. The single primary tube 
by division becomes the tubular 
acinL 



Small and of a distinctly nervous tvpe 
in the lower animals. In the higher 
this character is lost, the lobe remain-^ 
ing rudimentary. Outgrowth of the 
primitive brain. 



Structure. 



1. Tubules. 



1. Basement m e m - 
brane. 

2. Polyhedral epithe- 
lium. 



Fibrous and elastic 
tissues. 



/ 



2. Framework. J 

8. Lumina. •{ Ck>lloid matter. 

Fibrous and elastic 



1 -!?«.». A««rv.v J Fibrous i 
1. Framework. -j ^^^^ 

J S m a 1 1 pyramidal 
] nerve cells. 

J Lined by ciliated col- 
1 umnar epithelium. 



1. AlveolL 



J Tubular compartments held together 
*{ by a firamework. "^ 



2. Nerve 
elements. 

8. Cavity. 

1. Basement 
membrane. 



2. Epithelium. ^ PolyhedraL 



8. Brain sand. 



i. Corpora 
amylacea. 



Calcium carbonate. 
Calcium phosphate. 
Macnesium p h o s - 

pnate. 
Ammonium p h o s - 

phate. 

Bound masses with 
concentric stria- 
tion. Respond to 
starch tests. 



2. Septa. 



1. Tractus 
olfiMtorius. 



1. White 
matter. 



2. Bulbus 
olDactorius. 



\ 

I An ( 
8. Gray matter. -< in 
1 th< 

2. Neuroglia ^ ^*JSS'«'!S!SS" "' 

I Large prrami 
"< with branc 



An enclosing sheath I 
or ring of nerve-j Medullated nerve fibers, 
fibers. I 

lition 
lumen. 

An oval area richest | 

the dorsal part of'f Same as cerebral cortex, 
the tract | 



8. Stratum 
granuloBum. 



Large prramidal mUs I 
with branches and-< Nerve cells, 
axis cylinders. | 



4. Olfactory 
glomeruli. 



6. OlfiRctory 
nerve fibers. 



Dense tufts of the ter- 
minal ends of the 
processes of the' 
pyramidal cells. 



Protoplasmic branches of nerve oella. 



Arise in the cells of 
the Schneiderian 
membrane fro m J Non-meduUated nerve fibers, 
whence they pass 
to the cerebrum. 
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ORGANS WHICH APPARENTLY ARE NOT TUBULAR. 



Organs. 



1. Spleen. ■ 

Plate XLI, Fig. 1. ' 



2. Adrenals. 
Plate Xm, Fig. 4. " 



Divisions. 



1. Capsule. 
2. Trabecnls. 



8. Malpighian 
corpuscle. 



4. Spleen pulp. 

5. Splenic artery. 
1. Capsule. 



2. Cortex. 



8. Medulla. 



Structure. 



Connective tissue mixed with smooth muscle surrounding the organ 
and extending into its interior as a framework. 

J Prolongations from the capsule which unite by processes in the in- 
] terior and form the finimework. 

I Spherical or cylindrical mnHSOS of lymphoid tissue surrounding the 
J branches of the splenic artery. In section the artery appears in 
I the center or at one side of the lymphoid mass. 

A stroma of reticular tissue continuous with the trabeculte. Bed 
blood cells and leucocytes in large numbers. Large, round, amc&- 
boid cells sometimes containing pigment granules and red blood 
cells. Nucleated red blood cells. 

The artery and vein do not connect directly by capillaries. The 
blood passes out of the fine arterial brandies ana circulates in 
spaces between the cells of the pulp and then finds its way into the 
brandies of the splenic yein. 

. [ Connective tissue and smooth muscle. 



Structural Units. 



1. Zona glomerulosa. 
2. Zona fuciculata. 

8. Zona reticularis. 
1. Cords and networks. 

2. Ganglionic cdls. 



Description. 



-{ Oval masses of cells. 

•{ Long cylindrical masses of cells. 

J Anastomosing cords of pigmented 
1 cells. 

J Cords and networks of polygonal 
1 cells. 

J 1. Nerve cells. 

*) 2. Non-medullated nerve fibers. 



ORGANS WHICH APPARENTLY ARE NOT TUBULAR.— Ow/inwd. 



Organ. 



4. Thymus. 
Plate XLL « 
Fig. 2. 



5. Tonsil. 



Divisions. 



Structure and Description. 



1. Capsule. <{ Connective tissue surrounding the organ. 

2. Lobes. •{ Larger divisions of the organ united by connective tissue. 

Densdy 
1. Cortex. •< packed with 
leucocytes. 



3. Lobules.^ 



Smaller divi- 
sions of the 
lobes united •< 
by connective 
tissue. 



FoUides. 



2. Medulla. 



] 



Loosdy 
Mdradwitfa 
leuoocytea. 



Concentric 
oorpusdes 
Hassall. 



or] 



Remidns of 
early epithe- 
lium. 



6. Carotid 

gland. 

7. Coccygeal' 

gland. 



1 SurfiMe. -I S^'B^®^ pavement epithdium perforated by twdve to fifteen orifices which lead into 
* I crypts. 

^^t ^ -j White fibrous intermixed with yellow elastic. 

^^UcMk^^ l^n to eighteen round masses of lymphoid tissue arranged around the walls of the crypts. 

4. Crypts. -{ Pockets formed by the surface dipping down into the interior. 

At the upper end of the common carotid and in ftront of the apex of the coccyx are two small glandular 
looking bodies composed almost entirely of plexuses of blood vessels derived firom the carotid and 
middle sacral arteries— the whole is invested by connectlTe tissme. Tlie blood plexuses are covered by 
one or more layers of granular, polygonal cdls. 






ItnaHfirrnnidatctlii. 




Po/ffhiol-fdaul Cadi. 



3 
AntaVfoy NMhitc I 



Contwi/ COM of 



Up' 

n of 8«v</mA. 

X. 'jf' fcS"» V^^hfaif. ■■ . LoUhin ef (;»((■ 

S)>lnal Covd. 

Or^am which o^pt-eiiilj ar* nai tiJulaf. 

PLATE XL. 

DlAQBAMS OF BBAIN AND SPINAI. COBn. 
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lined with a simple epithelium like certain other tubes. Functionally the 
tubular character is not so clearly marked. The brain is composed of 
an external layer of gray matter which generates impulses and an inter- 
nal core of white matter which conducts those impulses. In the spinal 
cord this arrangement is reversed. Both are enclosed with a covering 
of bone. If both the brain and cord were solid, that is, had no central i 
canal, an increased or decreased blood supply would produce pressure 
upon nervous tissue and cause a termination of nervous phenomena. A 
central canal is essential to the volumetric increase and decrease of these 
organs; so that, although the functions of these organs do not depend 
upon the specific character of the tube as in other organs of the five tube 
classes, yet structurally the tube plan is essential to the successful per- 
formance of function. (Plate XL, figs. 3, 6.) 

The thymus in its early development is almost like an epithelial gland ( 
and during that stage of development would be classified among the tube 
structures of the body like any other true gland: but about the end of the 
second year following birth it begins to retrograde and when the age of 
puberty is reached an adenoid structure has displaced the epithelium and 
atrophy reduces the organ to an inactive condition. Therefore during 
its active period it belongs to tbe secreting glands and to the one coated 
tubes. During its retrogressive period it is not tubular. (Plate XLI, i 
flg. 2.) ' 

Apparently the spleen does not belong to the tube organs. However 
it seeras to be a vascular body structurally and functionally, for if its 
vascular tubes are not considered in its plan of structure the remaining 
parts are reduced to blood cells. Its trabeculse of smooth muscle sug- 
gest a relationship of force pump to the liver and the spleen would belong 
to the three coated tubes. (Plate XLI, fig. 1.) 

The lymph nodes are composed of masses of lymphoid tissue around 
which are channels through which the lymph passes. These channels 
or sinuses are lined with endothelium which also lines the inner surface 
of the capsule and outer surface of the trabecule; so that the channels 
are widened parts of the lymph vessels within the nodes. This places 
them under the one-layer tubes. As far as function is concerned the 
parts outside of the channels are reduced to the functions of lymphoid 
tissue or leucocytes. (Plate XLII, fig. 5.) 







^M-edutla.. 



i^' '•-Lti*j=£.Ji;-k|:!l'. 



PLATE XLI. 
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The adrenals are composed of cells arranged in different ways ac- 
cording to the zones which characterize the structure. A tube plan is 
not sufficiently apparent in these organs to place them under a tube 
system. (Plate XUI, fig. 4.) 

Thus a general survey of the animal body and its contents convinces 
one that the tube is a fundamental structure. It must be taken into ac- 
count in the pursuit of anatomical, histological or physiological investi- 
gations. If we study such subjects without bearing constantly in mind 
the tube in all its variations and purposes we will study them separated 
from their actual connections with the systems or organs as they really 
occur. In most instances, if not in all, the phenomena which appear are 
due to tube influences. In thinking of the functions of the viscera we 
are obliged to associate together both the tubular structures and the ac- 
tivities of the cells of these structures. For instance, if we thi n k of 
some secretion and omit the presence of the tube, we simply think of the 
production of a chemical substance which has no means to direct it to 
any fixed point. We must, therefore, leave it to be dissipated without 
serving any useful purpose. As liquids flow in the direction of least 
resistance, the presence of tubes is not only essential to direct them, but 
also, by cell activities of their own, to add or subtract from the original 
liquids and thereby to increase their efficiency. Perhaps all secretions 
are modified in character by their progress along the tubes which pro- 
vide for their means of escape and are ineffectual until acted upon by the 
whole length of tube from beginning to end. 

Again the non-motor and motor characters of tubes are essential to 
our understanding of the disposition of products after they are once 
formed. The body products are manufactured for a definite purpose 
and that purpose is defeated without the presence of some motor appa- 
ratus in ihose tubes in which motion of contents is required and the ab- 
sence of such apparatus in those tubes in which motion of contents is 
not required. It is necessary to think of all tubes as living tubes and 
not as lifeless conduits. Tubes resemble each other, since they are often 
engaged in the same business. Their structures are similar and they 
can be constructed by means of similar parts, of which they are all com- 
posed. This act of construction supplements the mental act which is 
required in their analysis. 
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CONSTBUOTIVB DiAGBAM. 

In the large, curvilineal, constructive diagram which follows, the 
five classes of tubes are represented by five concentric circles. In 
these circles may be found drawings of microscopic sections of nearly 
all of the tubular organs of the body— sixty-five in number. The cir- 
cular plan of the diagram suggests the circular character of transverse 
sections of tubes. By arranging the microscopic sections of all of the 
organs of any class of tube, side by side, in one circle, the number of 
organs, the layers and coats in common, the structural characteristics 
and the plan of construction may all be readily seen and understood. 
It will be noticed that the largest circle is the circle of the one coated 
tubes. It comprises the largest number of organs, thirty-five in num- 
ber, and these organs are mostly the small tubes, chemical in function, 
non-motor in character, which constitute the secretory, excretory, and 
sensory organs. Microscopic sections of structural and functional units 
of many of these organs are very much alike in appearance. Thus a 
cross section of a single acinus of one secreting gland is very much like 
a similar section of an acinus of any other secreting gland. If we 
take acini from all of the secreting glands of the body and place them 
side by side the differences between them are not always sufficiently 
apparent to enable one to distinguish, without doubt, one gland from 
another. For this reason many of the sections in the circle of the 
one coated tubes closely resemble each other. 'Next in numerical im- 
portance and therefore in size is the circle of the three coated tubes. 
It comprises nineteen muscular-motor and muscular-ciliary motor tubes. 
These tubes are the large tubes of blood supply for the viscera, of 
gaseous income and outgo for the lungs, of outgo for the chemical 
products of glands and of exit for the products of conception in the 
female generative tract. Next in numerical importance and size is the 
circle of the four coated tube. It comprises the eight parts of the 
alimentary canal which can be identified microscopically. The tube, 
as a whole, is muscular-motor. The functions of digestion and absorp- 
tion are performed by the small one coated tubes which enter into the 
formation of its lining. 

Next in numerical importance and size is the circle of the two 
coated tubes. It comprises only two organs— trachea and large bronchi. 
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Rings of hyaline cartilage distinguish this tube from the one coated 
tubes and supply the means by which open tubes are maintained. These 
tubes are ciliary-motor and the only large tubes with no muscular coat. 
The next in numerical importance and size is the circle of the one layer 
tubes described around the common center of all the circles. It com- 
prises all the capillaries, but as these are all alike in structure and 
function they may be considered as one organ. These tubes are non- 
motor and the simplest in structure of all the tubes of the body. Thus 
the diagram displays the numerical importance of the five classes of 
tubes. That class of tube which comprises the greatest number of 
organs is naturally the most prominent in the welfare of the whole body, 
and this will be inferred from the number of chemical tubes in the one 
coated circle. In fact the animal body seems to be a colony of secreting 
glands composed of myriads of chemical tubes the products of which 
are essential to the continuation of life. It also indicates the mechanical 
importance of the tubes of income and outgo which serve in the capacity 
of carriers to and from the chemical tubes as may be seen in the 
three coated circle. It further indicates the importance of a combination 
of chemical and mechanical tubes in one as seen in the four coated tube. 
It indicates the value of a two coated tube as a functional tube ; since it 
comprises only two organs. Lastly, it indicates the simple structure of 
the one layer tubes. At the left of each microscopical section are the 
model numbers which, arranged in the order of their occurrence from 
below upward constitute the building plan. The outlines of the two 
leaves of the accompanying case correspond in numbers and arrange- 
ments with the drawings of the diagram ; so that the diagram, outlines 
and models furnish a working system of tubular construction. As all 
of the microscopic sections of the tubular organs of each class are placed 
side by side in one circle a good opportunity is afforded for comparisons 
in structure. A glance is sufficient to show differences and resem- 
blances. It will be noticed that the differences are, for the most part, in 
the linings and the resemblances are in the coats external to the linings. 

That the only tube in the body having a coat of striped voluntary 
muscle is the upper oesophagus. 

That the muscular coats in other situations are smooth muscle. 

That the majority of muscular coats have two layers of muscle- 
viz., external longitudinal and internal circular. 
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That the following tubes have coats of three layers of muscle : car- 
diac stomach, uterus, lower ureters, bladder, vas deferens. 

That the following tubes have coats of one layer of muscle: small 
arteries, veins, lymphatics, medium and small bronchi. 

That in muscular coats of three layers the external and internal are 
longitudinal, the middle circular. 

That in muscular coats of one layer the muscle is always circular. 

That all large tubes, excepting trachea and large bronchi have mus- 
cular coats. 

That small tubes have no muscular coats. 

That secreting glands are found beneath the epithelial coats of the 
following ten organs: oesophagus, duodenum, medium bronchi, small 
bronchi, trachea, large bronchi, nasal duct, lacrimal sac, tympanum of 
ear, skin. The conclusion, therefore, is that secreting glands do not 
occur in the walls of the majority of tubular organs. 

That in most mucous membranes mucus must be produced by mucous 
cells of the epithelial coats. 

That the structure of all of the organs of each class of tube is essen- 
tially the same. 

That all tubes have an epithelial coat and all, excepting the one layer 
tubes, have additional coats according to the function performed. 

That the five classes of tubes are developed from the one layer tube 
by tissue additions. Thus : 

1. One layer tube— epithelium. 

2. One coated tube— epithelium plus a base. 

3. Two coated tube— one coated tube plus cartilage. 

4. Three coated tube— one coated tube plus a muscular coat. 

5. Four coated tube— three coated tube plus a muscularis mucosas. 
That all tubes are motor or non-motor. 

That chemical tubes are non-motor. 

That mechanical tubes are motor. 

That there are two forms of motor apparatus, viz., cilia and muscle. 

The diagram, therefore, calls our attention to a certain class of facts 
which we are likely to overlook in a study of separate sections and pre- 
sents to the mind a picture of correlated parts which is very important. 



SECTION 3 



TECHNIQUE 



The Pbbpabation of Nobmal Tissues. 

Unless distinguished by the presence of some normal pigment, proto- 
plasm, in its various forms, is nearly colorless. The differences between 
one form and anoiher are not sufficiently marked to enable one to iden- 
tify them as they appear under the microscope without considerable ex- 
perience. The examination of tissues immediately following their re- 
moval from the body reveals them in their natural state and doubtless 
is ihe best method to pursue ; but in such specimens slight differences in 
protoplasmic densities are about the only means by which parts can be 
identified and the detection of ihese differences requires a much wider 
experience in microscopic work than most students have had. Some 
preparation of normal tissues is, therefore, necessary in order to bring 
before ihe eye the different parts which are under observation and, 
furthermore, to preserve them for future study. The preparation com- 
prises several processes, each one of which is essential to the next one 
in succession. The processes may be outlined and employed in the order 
given below. 

r Killing, 4. Infiltration, 

lA Fixing, 5. Embedding, 

I Hardening, 6. Gutting, 

2. Decalcification, 7. Staining, 

3. Dehydration, 8. Mounting. 

Killing, fixing and hardening: These ihree processes are usually 
accomplished by the same means. The object, in all cases, is to exhibit 
tissues in a condition which approaches the natural as nearly as possible. 
The more rapidly cells are killed the less liable are they to undergo 
decomposition changes which evidently must begin as soon as metabol- 
ism ceases. No one has ever seen a living cell as it actually exists with 
its subtle chemical and mechanical activities in operation. No one has, 
therefore, an adequate knowledge of what is called its natural or normal 
existence. The cells which we see under the microscope are merely the 
architectural structures within which a vast performance of unceasing 
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intercellular substances are sufficiently contrasted with their surround- 
ings to make their identification possible. This is accomplished by col- 
oring them with some staining solution which is selective in its action on 
account of the variations in the chemical elements of both structures and 
solutions. It would, doubtless, be better if staining processes could be 
abandoned and tissues examined just as they come from the body ; but, 
at the present time, tiiis is hardly practical, especially with beginners. 
The usual staining formulae may be found in the outlines. 

Mounting : By this process sections, prepared as above indicated, are 
placed upon glass slides, enveloped in Canada balsam or some other suit- 
able material and covered by a cover glass. 

The satisfactory study of microscopical structures of the body de- 
pends largely upon good, clear, well-stained sections. A poor specimen 
leads one into false impressions or info none at all and if we are com- 
pelled to derive our kaowledge from it, that knowledge is quite likely to 
be modified by imagination and conjecture. The field of the microscope 
is small, especially under high powers, and moving the section about 
upon the stage in order to see all parts of it produces a moving picture 
which is not calculated to establish lasting impressions. Such kino- 
drome eflfects defeat the very purposes of our investigations. 

In the following outlines the ordinary processes and formulaB em- 
ployed in the preparation of normal tissues are given, in a concise form, 
to facilitate the selection of suitable reagents. They are given in the 
order of use, beginning with the killing, flexing, etc., and ending with the 
mounting of sections on slides. 



Huid. 



and 



r^m-tM. 



/ri.# 0t>#^wfc^ioft flf ^oyiM^i T^MSs^et 



fartnul^t- 



Sodium Sui^h&te ......-./ 

Wof f f. .. « icoec 



SmU» «i, #fc^ X*/«<»/a>. A^m. ^mm^fm^t. 



rluid. 



rLuid. 



PQtassiutn BiChtothuU Xiyvamt. 

Sodiitm $ul^hat9 ..... ./. 

Wafer i ..-- Joocc. 

^otJnaidihgdt $o)l6 oa ioUiion.. Jocc 
Add the r»fnUldtlid^cif0ih€ 
BiChYotnoif atiheiitnt cj usittf. 

Potass iutit BkkYofnaU ...... ^^^Sgramt 

SodUm tulfhat9 .../• 

Corrosive Ski-iimaH S. - 

Slocial acetic acid sec 

Watcr^. /OOCC 

hddthz acid aiiiyn^ of Utinf. 



Li^'bHcim0,9y€,^n^l«;lti0lmsM^9r» 
$fU*n,t*nfut.lbtdm Sty *• Ufht wok t . 

Chanff often. 

AU) /c ustd -f •r o// iccsitf «./r«M/ffii 
f^ttr^o Sit,daifSJIM€¥t^Uhtat 

Soliit£o\\ otkCf . on< of t<A« 
lui of tAc kaydtninf fiut'ds. 



ACaif^ UStd ^•Y olHiSSu€s.lU^i4. 
Hayden f ma/I ykifC«« 4f-^sA«i<^s. lovft 

«f m«yc« |>i> <«£t 4sr addiiicn of 0-5^ 
riW.l««(«>i< ttf ih< alcoM in wA«cA 

«A€ i««4lccS art k>tt€Yy€d 



^ foliction. 



foftnadnt 



IroYmaidif^Ac Ho^ajSol. lOcc 

\$odiitm chtoYidt a»ys;$i^.M 9occ 

iChYomic AcicLo-^ftoSoi ^oocc 
FCYtnic Acid. - S^infs. 
Add fhe roYfnic Acid at 
fht Hmt oj u$irif. 



ifknmi^'s 
M^ion* 



• . • 



BCC 

Jocc 
Ace 



ZAUohoi 



%.0%tnic 
Acid' 



AWtfl/biM/. . f. Water 



May ^ UStd^oY oUtitsuit.lU^id. 
B«#tfo> tl<W0<i4 ii96Ut. 

AUmtniavji C^natfCtniyjioi.LaY^nv, 
tYnchta, lunf^,td€yusJlAddt% 
UYtitYS, ovaWe«, 9moofhhtu$tU. 
Rafid. $ccd. 

ipcnttrotcf $lQ>»tljf.Has »iov«/ic« 
in /orye ^UccS' Best for giady 
I of f6ivyofcilif#is./4iw/<i% very 
\SmaU^iiC9StihoM¥si9 Jd^s. 

^kin,Uhdon,dUndi,SiHM fnuicit, 
htaydtn in f Ac tAOCMCivc ^«r<f to 

wtyftnt Bhtinkof^t'rtytt h^mr* if 

\tadt SuffUitnt f oir 9h\aU ^itc tg. 

Iscitfor nery/g fibers. rrt*< 
"joiie tg two c/o9«- 



4f<cir hardtnin^ ih dUchrom^U OYAC^YCuYic $oiutiont,tii$ut$ ihoiid ^e 
^Uttd in Watcir f o> tAc jbatybosc of rcmovinf' tA« Co^oir «n<€ CA/ts wrfcccA 
Aov< iccfi d€f9sit*d duvin^ tht ^vocoSS* AS a Yui€ it is ^gtUr to om<t 
tlic wafAiitf ^yocclt en hevvonf titsmt wA«cA Aat /c<n hoYdtMd it% 
Miliii€Y\ fluid and tirontfcv ot once t^o alcohol. 



OSmicAtid^JiOo. So/. . . 
Cfi^otnic ^c<</ 1^<^ Sot. 
SUcial acetic actd 

Mix ai ytuded. 



7o%^Bo%,9S1i, fSZ. 



0»SJi OQ, »ot. 
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p»i>pv^^i:tfw nf Ar^ftnit/ tJASuPM. 



PrtfCffftfl- 



Rittrftitr 



iJrityUACiii, 



mmi^Ut 



jnttic Acid sec 

Water. ^ /0OCC 

Chand^ Qach eUjf 40Y touY 
days, wash- Hardtn inokohol- 



r.Bov»C 



IJi^eakificaiion 



iPhloMiueif 

ana 
ifiiticAcid. 



Phloyo^i^cm t^m. 

yitftc ^cid .ffcc 

\icohol .70CC 



trie /tcid. 
^oL . 



l.-PiCXiC Acici 



itL'^^hifdHction 



lAlcolioi 






A Sot/(ya^Ci< oaacous 
Solution witlran excess 

of Clr^Sttt/5.5/0W.i(0rifAit 

hardins aith^^tni timt. 



Tlic yemova/ af watcrfr^m 
alt tif4tt€f,wh»eh Aav« i««H 

lUfiltrattoif hiA^foUtfW- 



2Ssif&fii; 



IXiatcaivoMS 
Titti&ej. 



in the cifca/cif jcn^ (o/ut/on 
QTiJ remain unti($oft. 
WaCli until r«a^€>it iS 
ir«mov€«( avid then ^ayal«n 

in alcohol »fhi9f0^lucin 
^rcUets, tht acid dtcaitifUt. 

Hordtn in Ztnktr, ofth or 
alcohol. Vta€h' VUkct in 
tht decalcifying toluiion 
uniil ««ft.WaSfr utttii 
rta^tni is rcmovccf^iict 
tk^nhardtrt im alcohol. 



UoittYJiki^ 



Prf^Vflti'gn 



rili a lo%*^e \nokthed l^le 
^fuUofathiiiaye of e^ual 
LafH ofsivonialcahoUnd 
^^11 -JV ^yiiii^S ^h^y anddiSSohe 

Coiion^^utt Cotton ^cod 



tlnfUiraiion.j 



tPataffin- 



6jfYUktf toluiion from v/hitk 
thiitnef 6oiuiicn% ort tnodt- 

Mit io^^thev hoYd ond ioff 
yc^affin ID Si4ch^roAortioii 
thai the ynixiuY£ yn^lis 
at aloui SSc the 
teYn^eroturc of the 
SurYouhdin^ air^iii^/7C 
Bfftfor %t»all SjLccimcnr 

A^ood Lofoffin stovf is 



Mfthgd 



P(a€« wc// hard«ti€<< and dthif drat ed 

lar^t s^imtns in thc^o/Zowit}^ 

5o/iifionc: 

/.Strong A/c»MovK/^ii(/s«f^«r-€^^r(s^fi(« 

J.Hiti CiUoidin -l^ Ao-trs 

J.TfcicJb»r Ctlloidin IV - 



«ii«/<1y) to Tnak« o t/iicfc ^ti/f tdick^r CtiUidin X^ 



Small (^cetmtnt moir ^ infiltrate! in 
ttftw KoMVi. 

PUC9 ytittU h«vdtnt^ and dehjfdytaied Shioll 
S^tc<m«ns inthcfoMoiwin^: 

iMtohol fi-;;* /00f# ^ ^-IV lioa*.« 

j.cAlovof orm or oil of ctday. JL- i^*t •• 
Paraffin lath --.,/-* 

V.t>oraff in /otA /-•* 

S.Paroffiti ^tA . / 

In th€ jilacc of fro. i, a lath ofChUrofotm 
Satuy aicd witli paraffin may It UitdL 
ytitk adyanta^Q. 
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of frnt-mal TJItutS. 



Cut thin t<ttio\ 
tht tnA^klt and 



•!■< tnifkit anJit iooii; tut 
\atiifactati) Uatkt tnaw tt tniult 
trom *a(.-wi».d nmfr 'nchts. 
VhiS «iU not ttain alcthti to 
ano etUntaniJ k*ovidt a talid 
suiL^rt. one fAJ otihiiUi.K 
tHluU U Sa'Mtd'/i inch trotn 
on* tidt on<i9liyit.htlitk-So*tht 
ttritif ynhiih attachts tht faf 
'lion which i(wrilt«n (At name 
tV nutnttr Of t/it ttttitnttt. 

7ow^^ -?.M «rJ^"« i?''^" '"# "" 



littu oi tht ihitktit 

ollMiiin on intend of 9 ^/oek. m 
thu arranli* tht Uteitntn ani/ 

tJ>« (on* ctUaidin. Sit itH oni 
Ii*(« ^artvwo ay ihytt minutai.thtn 
ylactilock in ioX aUahaiv/k^iy. 

StdionS tna- it tnadt aftir i houH- 
or Mitcintni tnatte tmia^UviiHa 



Mtr farount. .. 

Ufowtn^ ittohyoitctaii>Metl<m 
■^mitUlinf tl,t\fftiltl<nfaTtnKfwit 
Miidinonil^Ucih^ in tOfiaUeUt 



SM 






ink* «fCa,4ii»r»' (•^id^ncdii-i 
mej i« titaifirA f rsBi CQi ti>an>ftcfvHr 
or rnalKM Of fnicrafca^.c Su>//(ti: 

kwji 4( 0^61/ncff f t*ni OH< rniCMicaM 
m>kc f. Coi (EM* ^.cii.t^c.»d ^f/ 

«nf joad razor )ru>ni/ ((of onf Ai 
(oMVf tUt o* t^j t titU in^ti'tioH 
to cut fowdfrf^ou. tn tfi« (twryof' 
f rcfA t^in>(n« o ^ood dauittkitift 

A nitchanic*' dfvtcc for cuMm^ 
S«cttO|)t of unifeVln lhi»n«C(. 
If a numttr of Eacti vnt ar< t» it 
tut an OMiomatit tnicrotomt it 
'■ thttttt. tKi, art all to emttuthd- 
thoi tttiiotit of anj dtiircd 
thinnttf ttuty it altuinid 
CoHiiittttt with the dwracttr ttftU 
*!ttutt. ' 



■Ut laitt or moWi '/jtuH of 
tMttfd baruUin-AUovitii s-rtattia 

<thi'io/t£ ormolasti,!! ot>-.'t&d 
fatroitin and S<< (/idti aiinl; iocaol. 

tyi}nth^Ly^Un[\aJi^.Xhiit,r, 
(htti »cuil^ -tor ii.Hiny.or &nia't 
Sljecimtdi in»v ^« emifUfrf m a 
IVack of barnff ,1, i, M»'(.i>(r(Ar 
ittnt)^/ l.£rf J} ont (n.< vyiilia hrfWrt 
onrf <T.ltorf"c.Wl*t B*«im*(. 



InitHaH^ktt sfF>«uinf^f««<M 
MitM wiH HiiM lafir (atafiin: 

Udtfartt tfi* bfafS. CarltlitH.idtJf,-mt. 

Plac* CftciihtXf ttfwtin ^iMtl of 
li>rtf(Md Ji vcf or ^iHt s nd c^f WcAnt 
f;lWW. Cat tdctivinwiththtdfJit 
kni'ft Wtt With wa^tr fra» any frtti 

TM Mack of woad erldroffin uLan 
which .FwiilK'n wh'tl. ^4 tL^'^'x '' 
-nt*ild,il itf.Uttd in thi'jkw af tfit 
ieyotofnt and ttetieni af 
itfern thinniii art Cu^Thtllw'ft 
. laU.^ it ktU Wtt with toft 
Olcshat whtn CuHin^ CtJJaii'iH 
(Mtient onW dry wh<n 
Cutting ^rofftn «ct(onc 



Prffttfit* 



Pir^piiPn^iftii of kormai TJSSutt 



£AtmidM-Aii^LiCiiiuuil^ 



c^oidin Iriockt'lM^ U kf^t in %o^ alcohol indtfiniUij. 
S.PMSfivin^ P««^cii i(o€ks. J Majr ^ kf^f I li a Cool^iac^ i ndefihiU /jr. 



to9/icfc. 



i.9Uctyin9 



1. i>i«til(«cf 



JK||AU«ih4ii. foec 



i< fmdil dro^ 4 s Yt^Utd eyenijf on q c/ton Wi<f e. ^ 

JcctlON «s ^lattd ukon H ^nd ktld oytr a4lam9 
until th€^ro4fit% is tnelttd. rht alS-amin ii f 
Coa^ui4atd a hd tht ttcUo n it {ittd to tht tlidt. 

Plac< a Lar^ dtok of watei* oyhdcUan ^lidtjlLoaf tfic specimen on 
tK«'6ic^ac< of ihkdYQkihold over thtjlamt until tAc jta^aUin it 
Sm.ooihldtai ti oX4 the Viotty and di>« <h on oven at 30* JS*c! tor JO 



mmutcf QY untit nttdtd 



XTahan€S9 
Mlthod' 



0^ fixing 

CtlUidJn 

Sections 

to tlide- 



Rui- alHilt ^IjfCtyint oH^tnin Oh ocUan Slidt and^lact in onovfn 
at ?o*C until dvj.T/itn ate the watet htdhod a/^ve dtscvii-td 
ot wtrA^Ac addition of one cfrof of ^/yc<vin< aU«tn<n to jocc 
of wo/f V. 

Collect CQlloidin Section on Strips of ^f^tr ftf f,yestinp them uf^onthe ^Udt of 
tht knif«. Paiti^oC/can §latl iUde ynith yiertf thin Ctlloidin, place the ^/*er 
ttrij^s \Nith Section side down onthe thin dtied laj^eY ofcellotdin and a Utile 
^Ycssuye wi7/ Jnakethe Sections adhtft to the celloidin* 
Remove theha^et Styi^s and Keef the Sections mois^ 
\Nith 7oTo alcohol. 



IL^tainin^. 



jtotni. 



iHQn$tn*s 
Heitotoxiflin. 



iolA. 

sol, B. 1 

sole. 



HomotoKf/in /^m. 

Alcohol /•" 

Potaih Alum . ^ lojfn^ 

Hot Watev, .... .aoocc 

Potosciiim petmanponatt.J^rom 
oiMlled Watoy^ i^cc 



P»eMrat<ow 



lOelafields 
HemotoVfUn- 



HematojjfliTn, {L^yams 

AUoiute Alcohol lo cc 

Sot.Oft. So/. ammonia alum.. iU>occ 

Alcohol fSfi /oocc 

S/jctWnt loocc 



Aftet X¥h94iYS Stondcn^ mix ino 
^oycc/oin disfi Sol.^ ond So/. 8 
Add J CC of So/.C ancT vvitA 
ConStont stirrinj^ S-oii one 
minute^ rilUY^Thit stain 
niojf ke uted intrnedicittlif. 
It oiyec ^ood YCtuitt and 
is eauly and oMicktj made. 
Kec/iS well. ^ 



Oist«lv« the hematotjflin in the 
absolute alcohol J add the 
aium Solution, let Stind in 
an offitn vessel ^dajfS,jiltt¥, 
add the 9SX alcohol and 
hijfCeyine.AfteY seyeyal 
aajfS filtey aj^in.Thi%%toin 
maj i< uud ftuye ov diluted 
oml^ives j^ood i*es«/ts. 
Ikee^S vtftU* 
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Aiaims 



Prg^araiioii o4 frQYtniil tIssu^j 



P'avMtAiao. 



Pwp|.^t.A<-ioit. 






NtniatoKyliii.. .. l^Yatn 

Ak%olut9 alcohol /occ 

Pota<h a/um /tf^iwrn 



oistoUf tfic h<moi^oii.jyi<n in thf alcohol, 
tht alnm iniht watci* and mix- 
Etftost to lijfrt and air t^datfS w/icn it 
i^r^ndj toxUt^Y and tiA^- Stain Stctioni 
j&hoKi-. If Qyetstaintd ^ath inHCL* t^dykt 
to loocc of 70 f* aUchoL* 






HemaioijfUn ^ {^ams 

Pot4<^ a/Min ............ l§r^mt 

AUoUie alcohol /wcc ii^^^^i^^- f^^^^y «"^ «i^o<' 'o I'i^^ 

and aiYfor Scvcroi weeks or uniU 
0UtUl9€i y/^aU¥ loccc 



Ottsolvf th€ h9mato)LjfUn in tht absolute 

aicohoi Andihe alum ihtht wotcr. 
Mixtht two toluiioni and ddd <A< 






SiffCetiti^ foocc 



HtmatoX^ljn 4^v«ins 

AlSoluU alcohol iocc 

^/^cevine I iocc 

Oi$iille^i wafcf j ^ _iocc 

Stacial acetic acid ice 



th9 Odof Of aicohoi it ^oni. FiUty a 
Second h'mc If D4icl€i At* c ^o ^c fyou^ht 
out IJS« Mtf aciduUttd aUoholai^yt. 



oissoly/9 the hcmatoXi^i/n intht 
at solute alcohol,addth9 atum-^swm 
ynittux^ and otitic acid, exf^^e to air 
avid ii^hffor a lojn<i titn^ot until it 
is a dtc^, ycd color 



Lfk^l^miint 

Htmat^jfhn. 



7'H€YnAlum. 



hMetnaioXjflin I^rn 

A f solute alcohol ^ /occ 

Sat. ag'Soi Lithium Carlotjate^, 7cc 

oi^ttUed yA/atcY ^occ 

Hit Shorf/y i<joYC usin^. 

LLithium CoYh^onate ._f4>»m« 

oi^tUlod v^at^Y,,^ 'oocc 

PYo^aYC iht datf UjoY9. U%in^ 

3. Potciiium P^i-maw^anaf*. O.S^\. 

OittHUd ViotcY ioocc 

Ma if ic ke^t in stock 

H'Otalic acid /^wm 

potaiiium ^a(^hit^ I^Yom 

OiiiilUd Wat«V. Aoocc 

PVC^avo tAc datf ^€f oV€ Uiim^ 

Httnat^in . cS^rani 

Attolute o^cohoC Ifcc 

potaih alatn lijhamt 

oitiiiUd wotfv,. ,..,,,♦ S^occ 



HoMloi thf ti»ttf< 4TiMa(i«y*s fluid. 

Soak tfic scchons s«verai houY$ in l% 

oa' Sol chromic acid. 

Stain foY XV houYi in Soi. /. 

Wash in Water conta/YiiTi^ icc to/«occ 

of SoM 

Differentiate in 6oi.3. /^oS* mi nates 

D<co/oriZ6 in Soi 4^- 

Wa&h in Woteir. D«/ijf«^rat€.^oant. 



Dissolve the Kcmateiii intht aUoiutt aUohoi 
mith th9 aid of K«ot. ousolvc tfcc al«m in 
th< Water, ^in the two (olations- 
Filter. A^d a ccfSta^ of thjmot «. 
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^taint 






mm 



DiP^fcairation o^ 9fOYmai XiStag^ 



Fffrrrmiflif 



Absolute Okolio/ .^-r^ -^-r '*** 

Oic6iU«d waftir 9«oc 



Hemaiottfiin: 



'5 



|0LKXf/t£cAit2fcj 

Hetnaiott^Uti 



//. Eosin.. 



tt.iUvey.. 



/. /o/J c^. 5o(. r«rw> Ch/dH^«. - 

ijf* Cf. to/. Hemafotjfiin. 

3.^% ^.60/. reru'c chioyide. 

Hemaiotj^Un l^tatn. 

AholitU alcohol locc 

l7i ag. So/, acetic acid /oocc 

£o$in isolMcohol) /(Mm 

Alcohol iS^ /o^cc 

^ilvev hHvai^ /jvam 

oiiiUUd v/aU y. - /oocc 



ISMmicAcid 



ostnic Acid 

OiUilUd watev. 



i^yam 
/oocc 



P/lrtfgf/owi. 



in an ^^cn v<sst(4fwc<f« Anc/^foyt 
ttCiYi^ diiuit ynith an ^^uai volnmt of 
water, r/x tAe sections if Aoiiys in 
ZtnkiY^V^aih XfkQuys in yunninj 
Watcv. Dc/i^draf c i ti aictndinb 
alcohols. Fix ieciions on-the SUdt 
i^nd itntntYSe in a X-S^ iyon-aiunt 
iolufion H to shears, Rtnic iYiw«tci*. 
6iaiii in iht hetnatot^iin Solution fi.^ 
14f/t04(r$.|linsc 4T| watci* ^nd 4/«c« 
Obaiti iiitAc lyoYi o/iiin So/i«t<on anti/ 
Hack Cioiic/« C<a«t toayist. Otl^yoU. 

wi% <«eil'9ltl ontAc $lid€-$tain in 
(t)fhy€€to^iy^i yninuitS' Blot. Pony 
over ihem ofev^dyofts ofCi)-frt$A^# 
triad e. Allow the stain to yem^n i-i" 
n^inute&,\Nash' Diffeytntiate inlS) 
V/aSh»D€hjdyote.cltat in o/.oW^a num. 

DiCSo^vc iht htntatoxylin in the 
aicohoLAdd the aceiic acid Solution. 
y/aLaaUe in ^iainin^ neyvoustintie. 



Stoins Cjftof>la$ni.Aj>^ltfXtoShiinute$' 



Vwash fvcihi<ssa«( in diiiilled Watci*. 
trnvncrsc them in the iiiyef Soiation 5* 
Yiiihat«$. Rinse in disH/Ud wafer and 
exi'ose to krioht Siin/i^ht inyaotey, 
alcohol or ^^ceyine. Houni in 
bijfceyine or drji them on the tUdt- 
and mount in ^a/sam.rfif silver 
is del>osited in th9 Cement. 



Piacc tfit tciatic nerve Of a Cat inthe 
osmic QCid solution for oda^ or 
■two.NA/ash and ketf* in 7o^ alcohol 
untii Heeded. Stains fat Hack. 
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rovmuloB 

iMiitlirS F(«(V__ 3VoC« 

lOJmiC i<cic< IT, i*lnf /Vo( 

J Sliver kitratt Ibran 

\OiiiUltd Wattr. Ifocc 

isitver JritroU Ibroyi 

■1 OisiiUtd Watir fJSCi 

[rormicAcid l-idKp 



Bilisti^nt 

Plao tmoll )iUW« of nsrvoui t'Kui it 
iolA ont ta ^i^ht dai,S,ihtnirirantftv 
ta iot-B for i'xhour in tht davk.tbtn 
tesalC for 11 bou*i er mew, th(n to 
1i% akchoii'ihour Thtcittiont ayt 
•mounhd in tnUI Bo/tom wh-'cJ. it 
aliovntiiiaiiTf onthr ilufcjnoCovo 



a- 



U:CoV-SaI^I 



Tvi^h itain 



to(.B.^<(v so/'hifKuric Bidifar.-.fac( 
:ot-C Si^.Stl. Patau- ChYnm—^lcc 

oiltilltd watt*. Sfe" 

Tb**t iciutiohs tnav U kt^t 
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PART II 



A CASE OF MODELS WITH ARCHITECTIVE OUTLINES FOR 

THE CONSTRUCTION OF ORGANS ACCORDING 

TO THE CONSTRUCTIVE METHOD 



INDEX TO TEXT. 



Achromatin, 11 

Adrenals, 125 

Anaphases — chromatic changes, 19 

Anaphases — achromatic changes, 19 

Amitosis, 16 

Arrangement of tubes in five classes, 61 

Attraction sphere, 9 

B 
Binary fission, 16 
Brain, 111 
Budding, 18 



Case outlines^ 62 

Cause of cell division, 13 

Cell — a chemical and mechanical unit, 7 

Cell division, 12 

Cell membrane, 7 

Centrosome, 9 

Chromatin, 10 

Coat and layer defined, 50 

Coats and layers on curved lines, 52 

Conclusions drawn from the constructive 
diagram, 127-128 

Connective tissue coat, 95 

Constructive diagram, 126 

Contents of tubes govern their motor struc- 
tures, 108 

Cutting, 133 

D 
Decalcification, 132 
Dehydration, 133 

E 

Evolution of systems, 22 
Embedding, 133 
Epithelial coat, 96 
Epithelium essential to tubes, 98 
i;ye ball, 88 

P 

Five classes of tubes, 61 
Fixing, 132 
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Formation of tubes, 49 
Four coated tubes — ^muscular — ^motor, 95 
Framework essential to tubes, 97 
Function of one layer tubes, 70 
Function of one coated tubes, 74 
Function of two coated tubes, 80 
Function of three coated tubes, 82 
Function of four coated tubes, 97 

G 

General outline of body, 3 
General formula of construction, 61 
General survey of the body, 125 
Gemmation, 18 

H 
Hardening, 132 
Hyaloplasm, 8 

I 
Infiltration, 133 



Karyokinesis, 15 
Karyomitosis, 15 
Killing, 132 

Linin, 11 
Lymph Node, 122 
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Mechanics, 64 

Metaplasm, 10 

Metaphases— chromatic changes, 18 

Metaphases — achromatic changes, 19 

Motor apparatus a necessity, 98 

Mounting, 134 

Muscular coat, 95 

K 
Net-knots, 11 

Non-motor and motor tubes, 64 
Nucleus, 10 
Nuclear membrane, 10 
Nucleolus, 11 



One layer tubes — ^non-motor, 69 
On^ QQate4 ivi^f^^ 72 
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Organs of three coated tubes, 82 
Organs which do not conform to the tube 
plan of structure, 111 



Plan of tube arrangement, 49 
Plastids, 9 

Preparation of normal tissues, 131 
Prophases — chromatic changes, 18 
Prophases — achromatic changes, 18 
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Retrogressive changes, 19 
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Spleen, 122 

Spore formation, 18 



Spongioplasm, 8 
Stages of Earyokinesis, 18 
Subepithelial coat, 96 
Staining, 133 

T 

Telophases — chromatic changes, 19 

Telophases — achromatic changes, 19 

Tissues, 22 

Tissues as building materials, 07 

Three coated tubes, 81 

Tubes as itnidniral and iune(ii«iial= vaits, 47 

Two eeofced tnbea^ 80 

Thymus, 122 

T 

Vacuoles, 9 

Varieties of cell division, 14 
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Animal body, 4, 5 
Adipose tissue, Z2f 
Adrenals, 120 
Areolar tissue^ 30 
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Blood, 38 

Blood smears^ 142 

Blood fixing methods, 142 

Bone, 34 

Bone formation, 37 



H 
Hardening formulae, 135 



Infiltration, 133 
Iris, 90 



Locations of tissues, 107 
Lymphatic system, 102 
Lymphoid tissue, 30 



Carotid gland, 120 

Cartilage, 32 

Cerebrum, 112, 113 

Cerebellum, 117 

Clearing agents, 143 

Coccygeal gland, 120 

Connective tissue cells — special, 28 

Crura Cerebri, 114 
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Decalcification, 136 
Dehydration, 136 
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Ear — external, middle, 75 
Ear — ^internal, 76, 77 
Embedding, 137 
Epithelial cells, special, 26 
Epithelial tissues, 24 
Eye ball, 80 



Five circulations, 101 
Fixing formulae, 135 
Fixing sections to slide, 138 
Functions of tissues, 108 
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Grenesis of the tissue, 21 



M 
Marrow, 37 

Medulla Oblongata, 115, 116 
Microscope, 144 

Models numbered and described, 60, 61 
Motor and non-motor tubes, 67 
Mucous tissue, 30 
Muscular tissue, 40 
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Nerve terminations, 44 
Nervous tissue, 42 
Neuroglia, 32 



Olfactory lobe, 119 



Pineal Gland, 119 
Pituitary Body, 119 
Pons Varolii, 114 
Preserving sections, 138 
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Retina, 91 

Retinal divisions, 92 

Retiform tissue, 30 
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Sex as an abridgment of solar agencies, 14 

Spinal cord, 118 

Spleen, 120 

SUining formuke, 138, 139, 140, 141, 142 



Tonsils, 120 

Tube formations, 62 

Thymus, 120 

W 
White fibrous tissue, 30 



Table of tubular constructions, 68, 69 

Teeth, 36 

Three tissues seen in tubes, 99, 100 



Yellow elastic tissue, 30 



LANE MEDICAL LIBRARY 



FEB 17 13; 6 



E561 Joote.J.S. 64892 
P34 A constructive nethod 
1907 in hlBtology ... 




